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Long-Term Management of Asthma 
in Children: Safety of Inhaled 
Corticosteroids 



Question 



■I 



What are ffte-fong-ferm adfffse effects 
of c/)/TcS^^?^ferf cortims&mid use in, children 
^^tr|p the fuming outc^pest^^' 

%^^rticat gro^^^p'^ .j^iilHIIIB^^^^^^ 

0'Bbne , mineral deriSity (Bt^)^, 
■ Ocular toxicity? h 
m Su^rmmon Of adm0tpituit 



Summary h\ ^v* to the C 



Strong evidence from clinical trials tollQ|iring 
children for up to 6 sy^gests that me me of 
inhaled corticosteroids afrecominended dpps does 
not have long-term, clinicg^^ignificant, ^Re- 
versible effects on any of the outebrn^ reviewed. 
Inhaled corticosteroids do unplovie health outcomes 
for children with mild or moderate p|j^js|ent ^ 
asthma, and the potential but small of delayed 
growth is well balanced by their effectiveness (SRE- 
Evidence A, B). Updated text is recommepded |pr 
the EPR-2 incorporating the results of the SRE, ibut 
this update does not change the EPR-2 stateni^&^^ 




Rationale for the Question ' 

Inhaled corticosteroids have been proven to be beneficial 
in the treatment of mild or moderate persistent asthma 
in children. Because this class of compounds has the 
potential for producing adverse side effects, however, 
a SRE on the potential long-term adverse effects would 
help guide consideration of potential risks and benefits 
in the therapeutic dedsionrnaking process. 



Systematic Review of the Evidence 

The following description of the SRE is an 
adaptation of the evidence report, including direct 
excerpts, submitted by the Blue Cross Blue Shield 
Association Evidence-Based Practice Center. (See 
Introduction, Methods.) 

1 Methods of Literature Search 

To be eligible for consideration in the SRE, each 
study was required to meet the following criteria: 

M It reported on inhaled corticosteroid treatment, 

m Th| treatment duration/observation was at least 



tegrospective studies: 

'Enrolled only patients younger than 18 years 

^tii||^uMmes for patients younger than 
ll years of age and reported baseline demo- 
rapMcs tor the stratified subgroup. 

fc;#For re^jDspective studies: 

• Enrolled children and/or young adults younger 
4^ears of age and indicated that a sub- 
sfroalliiftportion ot the exposure to inhaled 
corticosteroids had beenf^SMjf^childhood. 
Study design was a comparaflll'xlinical trial, 
cohort study case contr ol^^tudy, or cross- 
^^^^ional study ' ^ 



■ R%g3i^^n a group of at least 25 evaluable, 
simiiar%reated asthma patients per study arm. 

m For growth outcomes: 

• Studies of short-term growth were restricted 
to randomized clinical trials. 

• Studies of long-term growth were restricted to 
studies that assessed final attained adult height 
and controlled for confounding vailables. 

• For bone density, studies were restricted to 
controlled trials. 

• For subcapsular cataract, clinical series studies 
were also included. 



37 



Medications: Safety of Inhaled Corticosteroids in Children 



For hypothalamic-pituitaiy-adrenal (HPA) axis 
function, studies also were included that used 
a pre-post single-arm design, where baseline 
HPA axis function was measured before initia- 
tion of inhaled corticostpoK^ il# 



I Summary of Findings 



studies;-,, ^ 
The SRE addressed the long-term adverse ^fl^^ts of 
chronicoBhaled corticosteroid use in cliiidreo W tour 
outcomes: vertical growth; I}onejiimg|i^-d8Sttsr;;^^^ 
ocular toxicit}; including postaiioi^bcapsular 
cataract and glaucohia; and supgMion ot a( 
pituitary axis. (See the key evidence table? 
section for a description fit the studies reriewldtor 
vertical growth [three mtjosgective cohq||/studies 
on final height]; bone-nilneitldepsity [1^6 ckm- 
sectional studies and one randomized controll^g, 
trial] ; and HPA axis function fsk^studies, including 
three randomized controlled trial|f . Tli^^culties of 
systematically assessing adverse effects a^well known., 
Most clinical trials are not designed to sppiicaily 
address adverse effects and thus may be sf nstically 
underpowered and of insufficient duration ta 
long^erm adverse effects. In addition, the r&u|f lot;^^ 
this evidence review do not apply to adults, Forflie 
adult population, particularly elderly adults, adverse 
effects may differ qualitatively and quantitatively. Fof 
example, although effects on vertical growth are not a 
concern for adults, ocular toxicity is likely to occur 
more frequently as age increases. 

Results of Studies 

The available evidence suggests that the use of 
inhaled corticosteroids at recommended doses 
does not have frequent, clinically significant, or 
irreversible effects on any of the outcomes reviewed. 
It is possible that chronic use of inhaled cortico- 
steroids initiated in childhood and continued through 
adulthood might have cumulative effects that increase 
the relative risk of certain conditions — such as osteo- 
porosis, cataracts, or glaucoma— in later life. 
However, none of the available studies had sufficient 
foUowup duration or numbers of patients to assess 
this possibility definitively It is also likely that the 
probability of adverse effects is related to inhaled 
corticosteroids dosage. No studies identified in the 
published literature, however, were designed to test 



the dose-response relationship of inhaled cortico- 
steroids to adverse effects. 

Vertical Growth 

The long-term prospective studies on growth 
involved budesonide, and the retrospective analyses 
included studies on beclomethasone, but the results 
have been generalized to all inhaled corticosteroid 
preparations. Although different preparations and 
delivery services may have a systemic effect at 
different doses, all short-term studies of numerous 
preparations suggest that the effect of inhaled 
corticosteroids on growth is a drug class effect. 

Evidence addressing three measures of vertical 
gj^owth in.cWldren was found: short-term growth 
velocity nieasured over a period of 1 year or less, 
%xov^ v^&ity and change in height measured 
over ttpger duration (4 to 6 years), and final 
^at^Jiied adM||eight. The evidence on short-term 
growth velocity IS trom a published meta-analysis, 
which poo1#dataiiroftt^ iSpdomized controlled 
tfiais fpresentiiig 855 subjects, with a mean age 
IftP J years (Sharek aid Bergman 2000). Evidence 
on gro!f tti.^oc|ly and heig|it over a longer 
peri'6iprS«s frpm^iffe BImP trial, comparing 
inhaleH%rticoster6ids (budesonide), nedocromil, 
and placebo in 1 ,041 children with mild or mod- 
^ ^rate persistent |sthipa, wl|) were followed for 4 
#t1$ 6 years (CAl||pii6). For fmal attained adult 
height, evidence is trom three retrospective cohort 
studies that adjusted tor irie poiendal confounding 
factor of parental heighl: (Agertoft and Petersen 
2000; Silvem^^n et al. Iffi?; Van Bel^efal. 
1999). Together, these three sttj||te$ included a 
total of 243'T||tie^ts with asthma treated with 
inhaled corticfe^dMs. 154 asthmatic patients 
who had not b^^teated with inhaled cortico- 
steroids, and 204 nonasthmatic controls. 

Evidence on growth velocity when evaluated 
during the first year of therapy is consistent in 
showing a difference in height averaging approxi- 
mately 1 cm between children treated with 
mhaled corticosteroids and controls. The magni- 
tude of this change in height («0.5-^1.5 cm) has 
varied between studies using different inhaled 
corticosteroid preparations, indicating that either 
the study design or specific steroid preparation/ 
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dose may be important considerations (Douli et al. 
1995; Allen et al. 1998; Verbeme et al. 1997). In 
the only trial extending beyond 1 year (CAMP 
2000), a difference consistent with this magnitude 
also occurred during tiie tirstyear of the study. 
However, in subsequent long-yfiii foUowup, the 
difference M gromtli velocity was not maintained; 
all groiipsH&pl similar g^owtii velocity at the end 
of treatment. At the end of the 4- to 6-year treat- 
ment period, there was still an approximately 1 
cm difference in cumulative gr«thel|etween the 
iimiy groups, but a s|iglit ditleraficeif bone age 
si^ests the potentMi lor catchup tor the inhaled 
cdfeo^oid group. W ^ '-^^ 



The evillnce on final adult h#ght appears to be 
fairly consistentas well. However, this evidence 
is based on cdho^'studies that « subject to selec- 
tion bias and the contbunding ettects ot severity 
of asthma cannot Ue ^djusted. Some cumparisons 
in these studies also Wgre flmited by sim^^pple 
size. Of the three studies, two showed n^ppfe*- . 
ence, and one showed a difference in final attained 
adult height between inhaleff^ijticosteroid useis 
and nonusers. However, the differeni^e was muc^ 
less than would be expected if a f^year growth 
velocity difference noted in the l-ye*st|idies were 
maintained over several years. : 



aging, and it is uncertain whether differences 
observed during young adulthood would persist 
into old age. 

Posterior Subcapsular Cataract and Glaucoma 
Studies that report on the occurrence of posterior 
subcapsular cataracts consist mostly of small 
cohorts and cross-sectional studies (Allen et al 
1998; Tmkelman et al. 1993; Agertoft et al, 1998; 
Simons et al. 1993; Nassif et al 1987; Abuekteish 
et al. 1995), with the exception of the CAMP 
study The expected incidence rate of subcapsular 
cataract in any population of normal young 
children and adults is none. These studies are 
sufficient to rule out a large effect of inhaled 
corticosteroids on the short-term incidence of 
cataract, but they are not capable of detecting a 
small increase in risk of an event that has a base- 
line risk ot essentially zero. In addition, several of 
tlie clinical trials that evaluated development of 
, f cataracts were of relatively short duration. 

Two of theiiitudles also reported on measurements 
of ocular pjressure (Tmkelman et al. 1993; Nassif et 
al, 1987)r The Iii|iited data available show no rela- 
Ip betflf^^lauconia or increased intraocular 
;ure aii Jfiiled^cciticosteroids. 




Bone Mineral Density i 
The CAMP study followed children with mild or 
moderate persistent asthma and a mean age of 
approxunately 9 years who were treated for 4 to 6 
years with inhaled corticosteroids. This study, with 
large numbers, randomization, and assessment of 
longitudinal changes, provides strong evidence 
that there is no effect of inhaled corticosteroids on 
bone mmeral density (BMD) in the doses given 
and in the duration in the study (CAMP 2002). 
One retrospective study of 30 young adults found 
a significant correlation between BMD and dose 
of mhaled corticosteroids among female patients 
(Ip et al. 1994). Such studies are subject to potential 
confoundmg because of unmeasured differences 
between groups that are risk factors for low BMD. 
In addition, the clinical significance of any observed 
differences in BMD are unknown. Subtle differ- 
ences in BMD would not have a clinical unpact 
until they were added to other risk factors such as 




Effect on Hypotlialamic-Pituitary- Adrenal 
AxisM^len 

Two types ot evidmce on the etiects of inhaled 
^ prticosteroids (|fclA,OTls ftinction have been 
'"reported: three^^l^lports of Cushing 
sSyridrQme tiiat weir€^^pbly«%ed to inhaled 
corticosteroids (Zhiiml^ai et al. 1998; Taylor et 
al. 19P;f riftis et al. 19ll; Holhnan and Allen 
1988) ai|^ix controlled clinical trials regarding 
HPA a:^^lmiction (Tinkelman et al. 1993; Nassif 
et al 1987; Scott and Skoner 1999; Ribeim 1993; 
Price et al. 1997; Gonzalez Perez-Yarza et al. 1996). 
Each study evaluated from one to three different 
measures of HPA axis function, with followup for 
at least 1 year after initiation of treatment. 

The case reports show that systemic effects can 
occur in clmically detectable ways, with a strong 
case for causality indicated in the case studies by 
the accompanying laboratory tests and response 
when mhaled corticosteroids were withdrawn. 
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In the controlled clinical studies, four studies 
of serum control values identified no dijBFerences. 

However, three other studies used more sensitive 
tests of Cortisol, such as 24-Jiour urinary Cortisol, 
and two showed a statistically sigiiiflca^|effect 
of inhaled corticosteroi4|> It shfiild be liffiid that 
these statistically sigii||icaiit results oc^jiir as 
comparisons of igm values between groups. Few 
or na^,p|tients iSaiost'^tticife^^rociuce laboratory 
values out of the normal range. However, tlie clin- 
ical sigMlticance of these more sensitive liicli|ators 
of adreoai ilinction is uni^nown. 

The results qflfie case reports appear to be 
causally attributabi^to inhaled corticosteroids 
based on clinical pp$%ntation, consist^Cy with 
laboratory finduigs, and clinical respoM|||0 reduc- 
tion or withdrawal of^^tfaent. Altho^^%|s^,; ^ 
studies show that, on aveiage, persons may only 
have clinically insigniflcan^attects of inhaled corti- 
costeroids on the HPA am, sf|lie mdlviduals may 
be acutely susceptible to their ei&ts. 



Additional Literature/Information ' 

Since the release of the EPR-2, a FDA~based cati- 
mittee convened to review the safety of inhaled ^ 
corticosteroid therapy, with particular emphasis on 
growth effects. The FDA committee recommended 
inserting the following cautionary wording in 
package inserts for all (both nasal and oral) inhaled 
corticosteroid medications: "A reduction in growth 
velocity in children or teenagers may occur as a 
result of inadequate control of chronic diseases such 
as asthma or from use of corticosteroids for treat- 
ment. Physicians should follow closely the growth 
of adolescents taking corticosteroids by any route 
and weigh the benefits of corticosteroid therapy and 
asthma control against the possibility of growth 
suppression if an adolescent's growth appears slowed 
(http://www.fda.gov)." 

Two additional studies on the effect of inhaled 
corticosteroids were completed after the SRE; the 
studies involved primarily adults but included some 
children and thus were considered by the Expert 
Panel. One report pertaining to the risk of cataract 
formation among patients 3 to 90 years of age was 



based on a large retrospective cohort study in the 
United Kingdom-based General Practice Research 
Database population, with a nested case-control 
analysis among users of inhaled corticosteroids and 
patients without previous steroid use who were 
younger than 90 years of age. All users of inhaled 
corticosteroids were at a marginally increased risk 
of cataract formation (risk ratio = 1.3) compared 
to patients who did not use corticosteroids. 
Among individuals 40 years of age or older, the 
risk ratio increased as numbers of inhaled cortico- 
steroid prescriptions increased after controlling for 
other variables. These trends were not evident for 
those individuals younger than 40 years of age 
Cri#et aL 2001). 

A prospective cohort study on bone loss m women 
18 to 45 jeiJllbf age reported that bone-density loss 
at Ifie total litp and the trochanter— but not at the 
femoral necK or spme— increased with the number 
of putts p^cday of an inhalf^ corticosteroid (Israel 
et al JOOlf. However, the |p^lcal significance of 
ttiiS€(iincliTigs is uncertam because the rate of loss 
r^pprted was small, any association of this small loss 
witft ingf wd risk of hqm tmcpxre has not been 
established, and the rates varied among the women 
taking thi|:mhaled ^teterom 



.e ^mmendo 



Base^^P ibis information fr^p^the SRE and^jgi 
addit^gal studies, the ExpeitlPanel retommlnds 
the fbllow||g text (the bit .c^wtext) 
as an updafcfo pages 71 through 73 of EPR-2 
(The Medicationsv Special Issues on Safety, Systemic 
Adverse Mectsj^^^^^ updates— but does not 
change — the EPil^^commendations. 

Linear Growl:h 

A reduction in growth velocity in children or adoles- 
cents may occur as a result of inadequate conlxol 

of chronic diseases such as asthma or from the use 
of corticosteroids for treatment. Overall, however, 
the available cumulative data in children suggest 
that, although low -to -medium doses of inhaled 
corticosteroids may have the potential of decreasing 
growth velocity the elfects are small nonprogres- 
sive, and may be reversible (SRE-Evidence A, B, C). 
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The long-term prospective studies on growth 

involved budesonide, and the retrospective analyses 
included studies on beclomethasone, but the results 
have been generalized to mci^^f. all inhaled cortico- 
steroid preparations, A^'^ \mt prep^irations 
and deliveiy dev'^f ^ .,;;-nlc effect at 
difieren^ .-tef .es on numerous 
preparat ;;i;v , ih?' jclolmlialed 
: ^rticosteAs o* drug-c^m effect. When 
'-'<?h doses or inhal- .osmo' ^^'Oecessaiy to 
.p'^vesatisfact ' jar^^ ^ .^^f^ of adjunc- 
; .e ionp4eriivcoL^ i _ Jated in 
ordeiitt -^duce the cortkustpmids 
and if^ \ ^ hmim poavt^ra)se-reiat'* ^ 
efl'ectso.i^ I th. Physicians shoi?^^ , ^'^ ui^ 
growth oi ^.it' . ji and adol^sce^ > . corW^ 
steroids by ai^^^^^^yi e and weigJi ''^^>^eneffis ot 
corticosteroid ti&- ^ 3p4 astliml^ " , ^ linst diP 
possibility of growl ^ 'nression Qt% ^ ^^^x cb%. . 
or an adolescents grc Jh Ammh slowed. 




Bone Mineral Density 

Low-to-mediimi doses of inhale^-* .0 Icosteroicls .^i 
appea^ to have no serious adveiSf ^ tl^s on BMtl 
in children (SRE-Evidence A) (d/^F?f>AO). ' 
A small dose-dependent reduction i^P'^ may 
be associated with inhaled cortlcostera' t t . hi 
patients older than 18 years of age {SRE~l^^|^.*ce 
C; Evidence B) (Ip et ai. 1994; Israel et aL 2 5:\ but 
the clinical significance of these findings is noL^'.jr^; 



Cataracts 

In children, low-to-medium dose inhaled cortico- 
steroid therapy has no significant etlects 00 the 
incidence of subcapsular cataracts or glaucoma 
(SRE^Rvidence A. Q (CAMP 2000; Jick et al 
2001), I ligh igxe/dier than 2000 mg) cumulative 
lifetime doses of inhaled corticosteroids may increase 
slightly the prevalence of cataracts as suggested 
in two retrospective studies of adult and elderly 
padenis {SUE Evidence C; Evidence C) (Cumming 
el al 1997; Jick etal 2001). 

Hypothalamic4^ituitary-Adrenal Axis Function 
llie available evidence indicates that, on average, 
children may experience only clinically Insignificant, 
if an' \ (fevis of low-to-medium dose inhaled 
< Olds on the HPA axis (SRE-Evidence A, 

c individuals, however, may be more suscep- 
their effects even at conventional doses. 



.mer ia 



I:,-Mor Future Research 



n What are the long-term effects of inhaled corti- 
r cos^Md tht^rapy^n BMD and cataract formation 
it if is initiated at a young age and continued for 
l^prolonged periods ot time? 

■ Are pot|iitial,.^|)v^%ffeci$ of inhaled cortico- 
ster6i^;tli^%ylfnore pronounced during certain 
developmental peflDds {e.g: , first 3 years of life, 
3^ > preadolescencd? 
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Key Evidence Tables 

Table 1:3, Differe nces in Adult Target Height in Cohort Studies 



Silverstein, Yunginger, 
Reedetal. 1997 

% ■ 



Van Bever, Desager. ' ^ 
Lijssens et al. 1999 



Agertoft and Pedersen 2000 





... ■ 1 


Difference in (Aduit 
Target) Height (cm)^ 


All asthmatics (n ^ 153) vs. nonasthmatics (n = 153) 


{J.L. 


All carticostercjicl users (n - 58) vs. noncorticosteroid asthmatics (n = 95) 


-1.2 


MaleS^ All C!<ll]rficb^tPrnid U^i\ (n = v< nnnrnrtirnctiimi/'l nctKmotiz-c (n A!^\ 
^TAUJiv^i^ J ^^i. s^^i Mv-vj'^iL.i uiu u<.wa>> \n — vs. llUllLUlU(,.UaLclUlU asiilindllCS iJl — flOj 


-1.8 


Feiriaks: AJI corticosterd||||$tein = 28) vs. noncorticosteroid asthmatics (n = 50) 


-0.8 


Inhaled c(ftlcy$|^otd siieR (ri i%8) v:>. never used corticosteroids (n = 95) 


-0.9 


All inhaled c^costeroid usfi|(it^43) vC never used corticosteroids (n = 42) 


-2.542 


Males: Inhaled corticosg^ld |^ (r#i 23) i§^Bever used corticosteroids (n = 26) 
Females: Inhaled cortic^titdlcrSBrs (n = 20) vsriiever usj^ corlicosteroids (n 16) 


-3.092 
-1.99 


AlUnhaled corticost^Mi iisejre,.(o =^ 142) vs. iione^tlteter||i4 using 
asthmatxc%(n = 18) " ^ 


+0.5 


group fn -M) ^ ' ' ''"'"''^ 


-0.6 


Males: All inftatedfirticosteroid iK'86) vs.iealt ky $ibiit% a . 
control grou|P^^"'24) < - ' " -/jf 

Females: All inhaM^^toteroid usera^rl^^i^e^^^ 

control group (n 27) ^ " ^ ' ; - ; 'P^ - - 


-0.6 
-0.8 



1 A negative number indicates that corticosteroid users had loweratalried^liult height than the 

2 p < 0.05 fr 1-^^-. 




n group, controjl|^ for parental height. 



Source: 



A^A^ Au°DAi"l?'"5 ^ Association Technology Evaluation Center. Mana^ec||nt ®f Chronic Asthma: Evitimc^ Report/Technology Assessment Number 
44. AHRQ Publication No. 01-EO44. Rockville. MD: Agency for Healthcare Ri^elr^ and Quality. September goa/ 



• 
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Table 1-4. Effects of Inhaled Corticosteroids on Bone Mineral Density 




Agertoft, 
liffsen, and 
Pedersen;1998 



Budesonidc 
;504 meg per (lay. 



|jumber 
rolled 



157 



Ip, Lain, Yam, 
et al. 1994 



Childhood 

Asthma 

Management 

Program 

Research 

Group 2000a 



I 



Nonsteroid 

asttoia therapies 



111 



157 



3.0 (minimum) 



P Value 



111 



Beclo||elh*^onc 
or budSdnide 



30 ^ 30 



I 



Normal ^(intf of 
subjects, matched 
by sex, age, BMl, 
menopausal status 




3.0 (minimum) 



3.3 



NA 



Total body 
HMD: 
0.92 g/cm2 



Total body 
BMD: 

0.92 g/cm2 



Spine: 
0.944 



Femur Neck: 
0.769 



Trochanter: 
0.676 



Ward's 

Triangle: 

0.729 



Budesonide 
400 meg/day 



Nedocromil 
16 mg/day 



Placebo 



1.011 



fWmr Neck: 
0,835 , 



311 



312 



418 



3U 



(Tnociianterr^ 



NS 



0.041 



0.007 



0.034 



0.016 



Triangle: 
'0.729 



No significant difference 
between groups or 
between boys and girls in 
bone mineral capacity or 
total bone calcium 



Mean treatment time 4.4 
(3-6) years 



Stratified by sex, all dif- 
ferences significant for 
females but not for males 



"T6 



312 < 



4-6 



418 



4-6 



Change in. 
spine 
0.17 g/^ 




Chaiipi!!^^^ 
spine BMD: 
0.17 g/uu" 

Change inlft 
j spine BMD: ' 
0.18g/cm2 




Source: 

Blue Cross and Blue Shield Association Technology Evaluation Center. Management of Chronic Asthma: Evidence Report/Technology Assessment Number 
44. AHRQ Publication No. 01-EO44. Rockville, MD: Agency for Healthcare Research and Quality. September 2001. 
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Table 1-5. Effects of Inhaled Corticosteroids on HPA Function 



Randomized Clinical Trials 
Scott and Skoner 1999 i :. 


'w^ 

SOOmcg/day (n = 132) 
ooiwentional treatment (n = 57) 


Serum Cortisol at baseline and 12 mo. 

ACTH-stimulated Cortisol at baseline 
and 12 mo. 

Percentage of patients from normal 
to abnormal stimulation test between 
baseline and 12 mo. 




Price, Ru^ell, HindmaMl^^al. 1997 

^!| 


FP , 

50 meg/day {n^^B} 
vs. 

cromolyn > ? 
20 mg/dm in ^ 27) 


Urinary Cortisol geometric mean 
ratio between patient groups at 6 and 
12 mo. 




iiiuveiiiidn, ixccu, iNeison ei ai. i\)vo 


RHP 

meg/day (n = lW2) 
1 B^ph?Iline (n = 93)^i>x^ % 


Serum Cortisol at baseline, 6 and 
12 mo. 

w 

ACTH^tiiniilated Cortisol at baseline, 




Cross-Section Studies m ' ^ I ' 16 ' ^ '^^^^ 


Gonzales Perez-Yarza, Mint^i, 
Garmendia et al. 1996 


Budesonide or bcclomet^^ne 
mean dose 676 +/- ZS^^fiay (range, 
226-1800) (n = 250) ^^"^^ 
vs. ^^^^^ 
normal controls (n = 108) "^^^ ^ 


Uiw Cortisol : 

''Mififife^fabnormal ACTH stimulation 
tests in subset ^Itli iiiln^y Cortisols 
below 1 staadrt devMtiSri 




Nassif, Weinberger, Sherman et al. 1987 


■ 

Beclomethasone 358 meg/day (n ~ 17) 
vs. 

Beclomethasone 726 meg/day (n =14) 
vs. 

asthmatic control group (n ^ 20) and normal 
control groujB (n = 21) 


Serum Cortisol : - - < ' 

^^^^ 




Single Arm Pre-Post Study 


Ribiero 1993 


Budesonide 

200 meg/day (n = 47) 


Serum Cortisol at baseline and 12 mo. 

ACTH-stimulated Cortisol at baseline and 
12 mo. 
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BUD (0. 12 mo): 320m 
Conventional (0, 12 mo.): 250, 315 

.BUD (0, 12 mo.): 695.655 
, Conventional (0, IZim.}: 690, 720 

^C^ntional: ^/''^ 21% 


"No significant differences" 
"No significant differences" 

"Not different" 

iiiiiiiiiil 


Subset of full trial 
Subset of full trial 




Ratio of urinary Cortisol at ^m^t 0.85 
Ratio of urinar)' Cortisol at 12 mo.: 0.96 


^ J^St4^^ SMncludes 1 
; NS:'9^% CI includes 1 






BDP 336 meg/day ^ 

(0, 6. 12 mo,): ^0m, 306. 309 
Theophylline 

(0, 6, 12 mo.): 30^"^2fB34 

BDP 336 meg/day ^ 
(baseline): 726 (6, 12 mo. NAj 

Theophylline 

(baseline): 723 (6, 12 mo. NA) 


Not stated: "almost identical" 

t^^^. 


1 


^ ^ ; ^ 








BUD/BDP: 58.69 nmoymg/day 
Control: 81.98 nmol/mg/day 

BUD/BDP group: 2 abnormal tests (3.1%) 
Control group: Not done 


Notap^Lb?^'^! '^fv! Z "'^'^ 


Qne of the mo patients with abnormal 
W^^tonic oral corticosteroids. 




BDP <450 meg/day: 403 
BDP >450 meg/day: 353 
Astlimatic controls: 353 
Normal controls: 367 

BDP <450 meg/day: 22 mcg/g creatinine 
BDP >450 meg/day: 16.5 mcg/g creatinine 
Astlimatic controls: 43 mcg/g aeatinine 
Normal controls: 29.5 mcg/g creatinine 


Not specifically stated: presumed NOT 
statistically si^cant ^y^'M 

#:;.;€rr:^,, 

Text: 

"Statistically significant" from cc^^s / 


Biiii 








Basal Cortisol 

(0. 12 mo.): 497, 497 

4- hr. stimulated Cortisol 

(0.12 mo.): 1104,1131 

5- hr. stimulated Cortisol 

(0,12 mo.): 1242,1380 


Not stated, presumed not statistically 
significant 

p = 0.02 for increase from baseline, 
both tests 





Source: 

Blue Cross and Blue Shield Association Technology Evaluation Center. Management of Chronic Asthma: Evidence Report/Technology Assessment Number 
44. AHRQ Publication No. 01-EO44. Rockville. MD: Agency for Healthcare Research and Quality. September 2001 . 
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Combination Therapy: 

Addition of Other Long-Term-Control 

Medications to Inhaled Corticosteroids 

Question ''^--'^ 

In patients with maperat^^^mistent asthma 
who are mcemng luftated eurticosteroids, does 
addition of anothBrJ^ng-tBrm-controi agent 
improve outcome^r 



Sum'' . "y Answe; 



^^uestioL 



Strong e^dence consistently indicates tj^fi^ ^ ^ x^^:^ 
long-acting inhaled beta2-agonists addirto lowt|V 
to-medium-dpse inhaled corticosteroids improve 
outcomes (SRE-Evidance A). Adding a leukotriene 
modifier or theopliyltt|i| to inhaled corticosteroids 
or doubling the dose oTinHaled corticosteroids also 
improves outcomes, but the evidence is mbp 
substantial (SRE-Evidence B). Tlie EPR-2 rteWuuwi- 
dations for moderate persistent astfima have been 
revised: The preferred treatment for ^flults and chil- 
dren older than 5 years of age is the ii^ditiqii of 
long-acting mhaled beta2-agonists to jipr-|i~medium- 
doses of inhaled corticosteroids. Adjunctive tiierapy 
combinations have not been studied in chiidftn 
younger than 5 years of age. For this age group, it is 
the opinion of the Expert Panel that there are tpb 7 
preferred options for treating moderate astimia: either 
the addition of long-acting inhaled betaz-agonists to 
a low dose of inhaled corticosteroids or medium-dose 
inhaled corticosteroids as monotherapy. 



Rationale for the Question 

There are an increased number of studies evaluating 
combination therapy primarily as a result of the 
development of fixed-dose combmations of the 
long-acting inhaled betag-agonists and inhaled 
corticosteroids (salmeterol plus fluticasone propri- 
onate, now FDA-approved, and formoterol plus 
budesonide, under development). The ongoing 
preference to minimize the dose of corticosteroids, 
especially for patients taking high doses, and to 
reduce the possibility of adverse side effects, has sthn- 
ulated studies of adjunctive therapies. The question 



of interest is whether, for patients requiring more 
than low doses of inhaled corticosteroids, equal or 
better asthma control could be achieved by adding an 
additional medication rather than by increasing the 
dose of inhaled corticosteroids. An extensive body of 
literature addressing the question of adjunctive 
therapy has become available since the publication of 
EPR-2 and has thus warranted Expert Panel Review. 



Systematic Review of the Evidence 

The following description of the SRE is an adapta- 
tion of the evidence report, including direct excerpts, 
submitted by the Blue Cross Blue Shield Association 
Evidence-Based Practice Center. (See Introduction, 

Methods.) 

Methods of Literature Search 
The SRE divided the studies into three study design 

1 . The addition of a long-term-control medication 
J tixed do^e ol inhaled corticosteroids compared 
the sdm doSl% inhaled corticosteroids alone. 

design simply assesses whether combination 
therapy i% better tlian monotherapy with inhaled 
coiJigpsterpids, Thepotential bias from this study 
desiga is seen when patients can be controlled on 
inhaled corticosteroids alone, resulting in a nega- 
; tive study because ot XU^ inability to improve. 



2. Theldditionot 



ig~tenri«Btrol medication to 
inlialed corticosteroids with subsequent downward 
titration ol die dose ot inhaled corticosteroids to the 
lowest duse that maintains control. This design is 
even tm^ problematic because it may be raising 
a fundamentally different question— i.e., "Can Ae 
other long-term-control medication act as a sub- 
stitute for the inhaled corticosteroids following 
initial control of the asthma?" However, if the 
goal is simply to lower the dose of inhaled corti- 
costeroids by some increment (usually halO, then 
the study design addresses the primary question 
more directly. 
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3. The addition of the long-term-control medication 
compared with increasing the dose of inhaled 

corticosteroids to improve asthmu tontrol. This 
design most directly addresses the question, 
because eligible patients tirst demonstrated a lack 
of adequate controj^^||ig,aii open run-in period 
on inhaled cartlcosteroids. The definition of inad- 
equate contrBl^^^riong studies, however, 
andillji^ variar^^M^iptrpcluce some bias. 





In addition to the eligibility^^^teria for selecting 
studies related to all topics ii^the SRE (described 
in the Introduction), the criteria for selecting studicj^ 
for tUs questiQp :y^eie as follows: 

m Study comparisons included: ' 

• Inhaled corticostaroMs alone compared to 
inhaled corticoste¥l^|%te leukotilene modi-^ 
fiers, or long-acting1)etf|-<tgonists, oi 
theophylline 

OR 

• Two different long-term-control medications 
in patients using inhaled corticost^^i(^ 

• The addition of an alternative medii 
an increased dose of inhaled corticosteioidi jur 
patients already on inhaled corticosteroid^^ii^; 

■ Treatment duration was at least 4 weeks. 

■ At least 90 percent of patients in the study were 
on inhaled corticosteroids, or the subgroup of 
patients on inhaled corticosteroids was analyzed 
separately, and this subgroup otherwise met the 
eligibility criteria for this question. 

m No more than 10 percent of the patients in the 
population or in a subgroup were on oral corti- 
costeroids. 

I Summary of Findings 

Studies 

The majority of the studies reviewed by the SRE fit 
into study design categories 1 and 3. Thirty-nine 
studies involving 45 comparisons and a total of 
9,020 patients were selected for the SRE. (See the 
key evidence tables in this section.) Overall, 34 of 
the 45 comparisons evaluated the addition of a 



long-acting beta2-agonist to inhaled corticosteroids. 
All but one of the studies were randomized trials. 
The foUowmg comparisons were made: 

m Twenty-six compared the addition of a drug to a 
fixed dose of inhaled corticosteroids (18 [3,163 
patients] compared long-acting inhaled betag- 
agonists; 4 [234 patients] compared theophylline; 
and 4 [885 patients] compared LTRAs). 

« Four compared a titrated dose of inhaled cortico- 
steroids after the addition of a drug (3 [268 
patients] compared long-acting inhaled betag- 
?L agonists; 1 [226 patients] compared LTRA). 

Eifteen compared a low-to-moderate dose of 
'%jBhaled c with an additional drug 

toiMgliii||p ikialed corticosteroids (13 [4.285 
^ : patients] compared long-acting mhaled betag- 
"^^^^^ agonists and^§[252 patients] compared 
'^tlieophyJiina)!^ 

1^0 lixidies were foimg tffit compared long-acting 

oral beta^-agonistE, ^ 



No^^sMBiBffmeetiijj 
found that compared 
or nedocromil. 




fltiality criteria were 
e addiri|||of cromolyn 



^ijResylts of Studies 
V Ajldition of long-actmg inhiiled betav-agonists 
A%||iejjent number of quality studies in both 
design categories 1 and 3 were coni^pleted ttf enable 
meta-analyse^of lung ftinetlciijip^^l as-ngeded 
short-acting beta2-agonist usd^W&mes in each 
category. (See the key evidence tables in this sec- 
tion for a description of eligible studies.) Both the 
systematic review and meta-analyses confirmed the 
superiority of combination therapy to inhaled 
corticosteroids monotherapy. In particular, the 
findings of the meta-analysis for the addition of 
long-acting inhaled beta2~agonist compared with 
increasing the inhaled corticosteroid dosage were 
consistent with a previously reported meta-analysis 
(Shrewsbury et al. 2000). In addition to sunilar 
findings on lung function, Shrewsbury and col- 
leagues had access to the original data and were 
able to assess the rate of asthma exacerbations, 
reporting a positive benefit of the combination 
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therapy. The data are robust and convincing that 
the addition of long-acting inhaled beta2-agonists 
to inhaled corticosteroids improves lung function 
and asthma control in patients inadequately 
controlled with low-tQ.^mecMumiJ.oses of inhaled 
corticostercy^^^Jliplllflll^ 

Of note is tli^.paucity oi pediatric trials in the 
databas^One pediatric study by Verbeme et al. 
(1998) was completed jn older #ildren (mean 
1 1 years of age). Following a 6~weefi nm-in, 120 
^ patients were randomized to^^^!||tlw log^iEe inhaled 
corticosteroid— beddftiethasofirdipro^^ (BDP) 
(40afmcg/day), mediiim-dose BDP (800 meg/day), 
or low-dose BDP plus the long-actpg Maled ' 
betag-agonistvsalmeterol foi 1 yeai/Nd significant 
difference was toimd among an^ rt.the tiiree mm 
in postbronchodilator FEVj or PpM^^ mettia- 
choline provocation. These results suggest that th^^- 
children's asthma was adequately controlled wit^i^s 
loW"dose inhaled corticosteroid^ and that the adcfi- 
tion of the long-acting inhaled beta2~agonii||fieitli^ 
improved nor worsened airwj^ resf^nsiveness. 
Thus, due to the design, this study cannot refute 
the potential benefit of the drug;f:ombiij^to for ^ 
those children inadequately contro%l oiUow-dose 
inhaled corticosteroids alone. , 

A multicenter double-blmd trial of salmetemi 
as added therapy for children who were not w6ll 
controlled with inhaled corticosteroids (mean dos^lt? ^ 
of 750 meg/day) demonstrated significant 
improvement in morning PEP and symptom-free 
days in the long-acting inhaled betag-agonist plus 
inhaled corticosteroid group, compared to the 
placebo plus inhaled corticosteroid group (Russell 
1995). Although this study did not compare the 
addition of a long-acting mhaled betag-agonist to 
an increased dose of inhaled corticosteroids, the 
patients were already receiving doses of inhaled 
corticosteroids ranging fi-om 400 to 2,400 meg a 
day Thus, this study estabUshed a need for further 
asthma control in children already receivmg 
inhaled corticosteroids; it also more directly 
addresses the question posed by the SRE, 

Addition of long-acting oral betag-agonists 
No studies were found. 



Addition of cromolyn/nedocromil 
No studies meeting the quality criteria of the SRE 
were found. No new studies since the publication 
of the EPR-2 were found. 

Addition of theophylline 

Six studies evaluated the addition of theophylline, 
including two more recent studies that compared 
the addition to increased inhaled corticosteroid 
dosage. The results indicate that the combination 
of drugs and the increased dose of the inhaled 
corticosteroids result in equivalent outcomes, 
suggestmg that theophyllme has only a modest 
steroid-sparing effect. None of the four studies 
(two in children 6 to 19 years of age) comparing 
the addition of theophylline to a fixed dose of 
lBtial|ftcorticosteroids met the quality criteria of 
the SKE, because all had study-design and statis- 
tical problems. No studies were found that 
iocliidad children younger than 6 years of age. 

Aiption Qt leukotriene modifiers 
Fil^e published studies evaluated the addition 
of leutotriene mqdifiers to fixed doses of inhaled 
tcoiti^ij^teroids; none compared the combination to 
increasing tfelbie nl inhaled corticosteroids. Two 
of these studies used pranlukast, an LTRA unavail- 
able in the United States, and one used zafirlukast 
in a dose tour times liife do>j^e recommended on 
the package label. Noneigf iSfe^studies included 
children younger than 12 years of age. The most 
relevant ot the fiv|Bt|udies (Laviol^tte et al. 1999), 
which contribi^lie most patient and had the 
longest duration, failed to meet ttie definition of 
high quality for the SRE because it met only one 
of the quality indicators (double blinding). 
Limit^fe pf these studies preclude definitive 
concliiliiirbut they reveal a trend showing 
improvement in lung function and, in some, 
symptoms from the combination of leukotriene 
modifiers and inhaled corticosteroids compared 
with a fixed dose of inhaled corticosteroids alone. 

Addition of an adjunctive agent and down 
titration of the inhaled corticosteroids 
This group of studies is discussed separately, 
as some of the trials were designed to ask a 
fundamentally different question (i.e., could the 
adjunctive therapy ultimately replace inhaled 
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corticosteroid therapy?). An example is the study 
that attempted to wean patients from the inhaled 

corticosteroids after beginning a long-actiag 
inhaled betag-agonist until they had an exacerba- 
tion or the inhaled corticosteroid therapy was 
discontinued (Mclvor ct al. 1998). Teiiifthe 13 
patients in the long-acting Inlialeci Deta^-agonist 
arm experiencerf an eM^ only after discon- 

tinuing their inlmted corticosteroids, providing 
further evidence that the iong-a0:ing inhaled.,^^ 
beta^^gonist should not be us^d as a substitute for 
anti-inflammajoty therapy One tri A^iiipted :t^^^ 
wean patient^lTf om the mhaied corticosteroids 
after addition of the LIRA montelukast, with the 
goal of maintaining adequate asthma control 
(Lofdahl et al. 199% The mean perceptag^ilBtic- 
tion in the dose of tnhalMi corticosteroids was 47 
percent — a 17 percent increase over placebo^-niBd 
40 percent of patients were able to discontinue 
their inhaled corticosteroids compared with 29 
percent in the placebo arm, which was not statisti- 
cally significant. Thus, data are inconclusive about 
the "steroid sparing" effect of adjunctive therapy and 
data show that patients cannot be entirely weaned 
from inhaled corticosteroids. In addition, dak fi[(^ 
these studies are insuflBcient to determine theifill^- 
tive "steroid-sparing" effect of the various adjunctive 
therapies. Finally, none of the studies included 
children younger than 5 years of age. 



Additional Literature/Information 

In addition to reviewing studies published after the 
SRE, the Expert Panel considered four other issues 
relevant to the question of the use of combination 
therapy for the treatment of persistent asthma: the 
effect of the different combinations on the rate of 
exacerbations of asthma; the comparison of different 
combinations to determine relative effectiveness; the 
use of combmation therapy in children 5 years of age 
and younger; and the use of combination therapy in 
severe persistent asthma. 

Studies Published After the SRE 
The addition of montelukast to inhaled cortico- 
steroids was evaluated in 279 children 6 to 14 
years of age with moderate asthma whose symp- 
toms were not completely controlled on 400 meg 



budesonide daily (Simons et al. 2001). This study 
was a double-blmded, randomized, placebo- 
controlled, crossover trial with a 4-week open-label 
run-in period to establish the need for adjunctive 
therapy Each treatment period also consisted of 4 
weeks. The trial had sufficient power (95 percent) 
to detect a 4.4-percent difference between the 
placebo and the active drug in the primaiy end 
point, FEVj percent predicted. In the intention- 
to-treat analysis, no significant difference was 
found between the placebo and montelukast for 
the primaiy end point (1,3 percent difference). 
A post hoc censure of the data revealed a statisti- 
cally significant 1.9 percent difference between 
the active drug and the placebo. Other significant 
ditterences reported in favor of montelukast were a 

ll^crease m b&r<a^^ usage (.33 puffs/day 
Sifferfeiice) ipd exacerbation days that also were 
defined by betag-agonist usage— an unprovement 
in morning^ evenmg PEFs (9.7 L/min and 10.7 
L/min, respeciterely). iX wm not indicated whether 
these ^ere iriftntionTtb-treat analyses. Outcomes 
louncrto be the same at the end of the study 

m|ijuded worsening asthma, global evaluations, 
SStoiber oi^tiuna attacks requiring intervention, 
and qiik^^'life. 

Another stud^compared the|ddition of theoph- 
le to kmJJI^DP (40{i&icg daily) with 



tag the i|i|^f .BDP to 1,000 meg daily or 
maintaining patients on the low-dose BDP alone 
for? months (Lim et al^||)Qp). The study found 
no Sftfeifen^between tf ^iifgh-dose iifi^led 
corticosteroids and the theophylline group for any 
outcome, tiil^jfeonfirming %S^ftidings. 

Effect of CoriiS%#ipn Therapy on the Rate 
of Exacerbatioii#Sf Asthma 
Reduction in the rate of asthma exacerbations has 
been suggested as a surrogate for an anti-inflamma- 
tory effect. Compared with placebos, leukotriene 
modifiers have been reported to reduce the 
number of exacerbations treated with prednisone 
(zileuton, zafirlukast, and montelukast package 
inserts). Both of the long-acting inhaled betag- 
agonists — formoterol and salmeterol — have been 
reported to reduce exacerbations of asthma when 
administered in conjunction with inhaled cortico- 
steroids (Pauwels et al. 1997; Shrewsbury et al. 
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2000). In one study, the addition of fonnoterol 
to either low-dose (100 meg bid) or high-dose 
(400 meg bid) budesonide significantly reduced 
both mild and seveie exacerbations. Further, fewer 
exacerbations occurred in the Mgh-dose inhaled 
corticostero|di^up compared witfi the lower dose 
group, tlioiigh analysis was not done 

(Pau^||^,|t al. 1997). A meta-analysis of studies in 
which ^Idditioft of salmeteroi tq^a lower dose of 
inhaled corticosteroids was compa|fe^ith a higher 
\^^^t|gse of inhaled^torticosteroids deSiistrated that 
^.'^exacerbations wei:^ signllicaiitlyjowef witJi the 
combination therapy (Shrpgsbury et al. 2000). 

It has been suggested that this reduction in 
exacerbatljp^iis niay be attributed to an enhanced 
corticosteroid ettect due to priming ot the glupq- 
corticoid receptor by the long-acting iiiliailed 
betag-agonist (Eickelbt^rg et al. 1999). Two 
recently published ^^dies (Lazarus et al. 200 1 ; 
Lemanske et al 200i|al^o are pertineiilo the 
issue of using asthma exacerbation as an outcome. 
In the first trial, those patients adequately con- 
trolled on low-dose inhaled corticq^eroids weri?^ 
left on the inhaled corticosteroids ,*sllitched to ffi 
long-acting beta2~agonist salmeteroi, or switched ^ 
to placebo. Although the conventional outcomes 
(morning and evening PEFs) for the salf ttterol 
and inhaled corticosteroid arms were not clitterent, 
the salmeterol group had a significantly greater 
number of exacerbations and treatment failures — 
again demonstrating that the long-acting inhaled 
betag-agonists cannot substitute for inhaled corti- 
costeroids (Lazarus et al. 2001). The companion 
study evaluated the ability to reduce the dose of 
inhaled corticosteroids following the introduction 
of a long-acting inhaled betag-agonist in those 
patients initially suboptimally controlled on the 
inhaled corticosteroids (Lemanske et al. 2001). In 
this group, the dose of inhaled corticosteroids was 
reduced by one-half in those patients responding 
to the addition without any significant change in 
asthma control, yet a significant treatment failure 
rate was noted when the inhaled corticosteroids 
were stopped. 

Although clinical studies in the SRE suggest that 
the addition of a long-acting inhaled beta2-agonist 
to a low-to-medium dose of inhaled corticosteroids 
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is the most effective treatment for moderate persis- 
tent asthma (step 3 care), there may be situations 
where both the addition of a long-acting inhaled 
betag-agonist and an increase in the dose of 
inhaled corticosteroids are indicated. The studies 
of Sont et al. (1999) and Pauwels et al. (1997) 
support the added benefit of a higher dose of 
inhaled corticosteroids in reducing asthma exacer- 
bations. Thus, for patients considered to be at 
higher risk for exacerbations (suggested by a his- 
tory of repeated short courses of prednisone, 
emergency department visits, or hospitalizations), 
both the addition of a long-acting inhaled betag- 
agonist and an inaease in the dose of inhaled 
corticosteroids may be indicated. 

Comps[rison of Combinations To Determine 
Retetive Effectiveness 

Not included in the SRE were direct comparative 
studies ol the effectiveness of the various drugs 
used as adjuncts to inhaled corticosteroids. Studies 
comparing the ion^^actmg inhaled betag-agonist 
to sustMied-reiease theophylline are numerous 
(Davies et all! 998), and generally involve patients 
receiving inh|lgd corticosteroids. A meta-analysis 
of these st|^p||Davies et al. 1998) demonstrated 
that both pulmonary function and asthma symp- 
toms showed more improvement with the 
long aclliig inhaled beta2-aKunist as adjunctive 
therapy than with theophylline. In the three 
published studie|^|{uded in the meta-analysis, 
between 50 pert^^l^rifi 97 percent of the subjects 
' were receiving jegtilar inhaiecl,QDi^costeroid 
therapy (Fjellbirkdand et al. 1994; Muir et al. 
1992; Paggiaro e^^^). 

A comparison of the addition of the long-acting 
betag-agonist salmeterol to the addition of the 
LTRA zafirlukast (Busse et al. 1999) also examined 
a mixed population; however, this study was not 
included m the SRE because more than 80 percent 
of the patients in both arms were using inhaled 
corticosteroids, rather than 90 percent required by 
the SRE selection criteria. The study otherwise met 
the criteria for a high-quality study and should be 
considered. The results indicate that salmeterol 
improved both puknonary function and asthma 
symptoms significantly more than did zafirlukast. 
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Another direct comparison of long-acting inhaled 
betaa-agonists and a leukotriene modifier as com- 
bination therapy was published atter the SRE 
(Nelson et al. 2000). This study also met the SRE 
criteria for high quality and ^fiouicl be considered. 
The investigators evaimtlt^pitieiits who'^ere still 
symptomatic on low-dose inhaiecl corticosteroids 
(fluticasone 88^pJbid), before and .after the 
addiMaii of the Kg'-act^fflg^:beta;,"agomst sal- 
meieSkor the ITRA montekkast over 3 months. 
Those patients receiving salraeterol plus flutica- 
sone, compared with those on mooteluteist and 
fluticasone, Ml greater imprp^emmt in pui- 
monaiy furio|l||j iihd in some a^ttma symptoms, 
and experiencldlsi||ife fewer exiK^atlons, 

Although the additi|g §6sustained-reii^||:he- 
ophylline or a leukotlf||^miodifier to tiiat||ient 
with inhaled corticosteroids generally is nof as 
effective as the addition of a long-acting infialed 
betag-agonist, there may be ciiTOHistances when 
these combinations would be indicated for selected;^ 
patients. Among the considerations favoring one 
of these alternative combinations would be the 
patient's intolerance of the side effects of the loug- 
acting inhaled beta2-agonist, marked preteience for 
oral therapy, demonstration of superior responsive- 
ness to the alternate class of drug, as well as 
financial considerations (theophylline is the least j ; 
expensive). Finally, although the recently mar- 
keted flxed-dose combination of fluticasone 
propionate and salmeterol in a DPI may provide 
an advantage in terms of ease of use (one inhaler 
instead of two), there is no evidence of superiority 
of this particular combination over that of other 
inhaled corticosteroids and long-acting inhaled 
betag-agonists. 

Combination Therapy in Children 5 Years of 
Age and Younger 

None of the adjunctive therapy combinations have 
been adequately studied in children 5 years of age 
and younger. Indeed, only one study, a study 
adding the long-acting inhaled betag-agonist 
sahneterol to inhaled corticosteroids, included 
patients as young as 4 years of age (Russell 1995). 
The lower age limit of all other combination 
therapy studies in children is 6 years of age 
(Simons et al. 2001; Meltzer et al. 1992; Nassif 



et al. 1981). The data are thus inadequate to pro- 
vide definitive recommendations on combination 
therapy in young children, and recommendations 
must be extrapolated from studies in older chil- 
dren and adults, which support the combination 
of inhaled corticosteroids and long-acting uihaled 
beta2-agonists. Because patients in this age range 
may be at greater risk for systemic effects from 
high doses of inhaled corticosteroids, the use of 
combination therapy seems prudent when goals 
of therapy are not attained with low or the lower 
range of medium doses of inhaled corticosteroids. 
However, as noted in the section on efEectiveness 
; ; qf long-term-control medications, there are no data 
Ifr^wlable on the use of long-acting inhaled beta2- 
^1 Ironists in infants and young children, whereas 
* studies ot medium doses of inhaled corticosteroids 
demonstiatf littectiveness in this age group. 

f O^he followii|g medications have been FDA- 
approy^gfllJSyoung children: the inhaled 
cord^cdsleflj& budesofiWe nebulizer solution 
approved for childraj^ to 8 years of age and flu- 
gasone DFJ Approved far children 4 years of age 
iid olderi Ae long-acili^glnhaled betax-agonist 
salmeleiol DPI approve^: foi* children 4 years of 
age and older; and. based on salety data rather 
than efficacy data, the ITRA montelukast 4 mg 
chewable approved for children 2 to 6 years of age. 

Combination Therapy in Patients Witlx Severe 
Pemstent Asthmd ' 
Cu&lit recommendations for treatment include 
adding oral systemic corticosteroids it a patient 
cannot achieve and mamtain control with high 
doses of inhcUeci corticosteroids and long-acting 
bronchodilaton. An alternative approach may be 
to add a third long-term-control mediation to a 
combination of medium-to-high-dose cortico- 
steroids and long-acting inhaled beta2-agonists in 
severe persistent asthma. However, few trials 
regarding this approach and of sufficient quality are 
available. A double-blind, crossover trial of LTRA 
(10 mg montelukast or placebo) in 72 adults with 
severe persistent asthma found no benefit from the 
addition of montelukast to other medication 
(Robinson et al. 2001). In this study, the concur- 
rent medication varied among the patients: All 
patients received medium-to-high-dose inhaled 
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corticosteroids; 85 percent also received either 
theophylline, a long-acting inhaled betag-agonist, 
or both; and 47 percent also received oral systemic 
corticosteroids. No anempi was made to eliminate 
the oral corticosteroids. The treatnient period of 
14 days for LIRA and 1 4 days for placebo was 
relati||ly stert, altliougti leuKotrlene modifiers 
usuall|^r(Kiiice„4^rapid response. This study 
indicat^&t there isuno additional benefit to 
' addmg LTRA as a third medication;^imilar 
V controlled clinical trials Have not been conducted 
mo evaluate other long-term-OTtml pidlcations 
added to the comblaitiqE of :^edium^to-high 
dose3 olUihaled corti€d*«roids an(fc||ng-actUi^^ 
inhaleCbeta^-agonists in severe ^jpie^^irt^sfiW^ 
Until iflore fiesearch is conductfif %ommend.i 
tions for mat aging severe persiS||nt asthma m 
based on extrapolations from stiiie^||t 
combination ot inhaled corticosteroids and one 
other long-term-control medication m treating 
moderate persistent asthiiM. % 
'^'^^^ . 

Reconfimendations for EPHr Miate 



Based upon the assessment of eviden^t ]^%>^ided by 
the SRE and the additional evidence c(|ttsidered by 
the Expert Panel, the following changes tO/Step 3 
care in EPR-2 are recommended: 

m The preferred treatment for those adults and chil- 
dren older than 5 years of age whose asthma is 
inadequately controlled on low-dose mhaled 
corticosteroids is combination therapy: the addi- 
tion of a long-actuig inhaled beta2~agonist 
(SRE~Evidence A) to a low~to-medium dose of 
inhaled corticosteroids. Scientific evidence from 
studies of children older than 12 years of age and 
adults indicates that patients with moderate per- 
sistent asthma benefit from two different types of 
daily medication in order to achieve and maintain 
optunal control of their asthma: (1) medication 
aimed at suppressing underlying airway inflam- 
mation and (2) a medication whose primary action 
is bronchodllation. This approach is preferred to 
increasing the dose of inhaled corticosteroids. 

The exception is indicated for those patients who 
experience recurring severe exacerbations that 



require oral prednisone, emergency department 
visits, or hospitalizations. For these patients, 
increasing the dose of inhaled corticosteroids along 
with the addition of a long-acting inhaled beta2- 
agonist should be considered (SRE-Evidence B). 

For children 5 years of age or younger, combina- 
tion therapy has not been adequately studied. 
Therefore, recommendations for step 3 care for 
this age group are based on extrapolations of data 
from older children and adults, as well as expert 
opinion. For children 5 years of age and younger 
with moderate persistent asthma, there are two 
equally preferred options: low-dose inhaled corti- 
costeroids and a long-acting betag-agonist 
(Evidence B, extrapolation from studies in older 
children and adults) OR inhaled corticosteroids as 
^monotherapy with an inaease of the dose within 
^ the medium-dose range ^Evidence D). 

r Alternative— bu| not preferred— approaches that 
may be considered inchide doubling the dose of 
inhaled corticosteroids within the medium-dose 
range (this is aiL|ltemative but not preferred 
,r option tor older Ittildren and adults; for children 
of an|:^younger, increasing the 
inhaled corticosterpicl%se is an equally preferred 
option); adding su^in^fcrelease theophyllme; or 
add^g ^ leito^en^ moditier (SRE-Evidence B). 
Leulotfi|||emo^ or tlieopnylline may be 
considered it the patient displays Intolerance of 
long-actmg mhaled beta^-agonists, iias a marked 
0 > pr^rence torgral tiierap^ an^ demonstrates 
siipeftor respoiiiveoess to^ife alternative class 
dfdrug throughl;them|eiiti(fc trial. Other issues 
ma^l Jn^e flnancwT considerations (theophylline 
is tHe#^ expensive). 

m The reconunendations for the use of nedocromil 
and long-actmg oral betag-agonists as alternatives 
to increasmg the dose of inhaled corticosteroids 
are untenable at this tufne due to lack of data and 
should be removed as therapeutic options. 

Specifically the Expert Panel recommends that step 
3 in figure 3-4b, Stepwise Approach for Managing 
Asthma in Adults and Children Older Than 5 Years 
of Age, be revised as follows with the revision noted 
in blue text. 
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Figure 3-6. Stepwise Approach for Managing 
Infants and Young Children (5 Years of Age and 
Younger) With Acute or Chronic Asthma. (See 
Medications: Effectiveness in Children on page 25 
of this report for revisions to step 3;) . 

Figure 3-4b. Step^pjAp|iroach for Managing 
Asthma in Adxdts^fehlldr^n Older Than 
5 Years of Age: Treatment (pages 84 through 85 
inElR-Z) 



Step 3: Moderate Persistent 
Daily Medical...;: 
Prefemd treat ^^'-^ ■ 

Low-to-medi'Mf ~ \)se inhaled cortir' 

and long"actiny%;...aed beta^-agor 
Alternative ti^atmen¥4:i^ir'^^>^1 alphabetic..^. 

Increase inhaled corfici*: 

medium-dose range ' , 

OR 



■up 



withiii 



i 



Low-to~medium~dose inhaled i 
either a leukotriene modifier Ok 




jphyJline 



If needed (pai'ticularly in patients with r|^Jrrir}g 
severe exacerbations) ' C, 

Preferred treatment ^'^^ii^^ 
Increase inhaled corticosteroids within 
medium-dose range and add a long-acting ^ 
betag-agonlst 
Alternative treatment: 

Increase inhaled coiticosteroids within medium- 
dose range and add either a leukotiiene modifier 
OR 

Theophylline 

Step 4: Severe Persistent 
Daily Medication: 

Preferred treatment: 

High-dose inhaled corticosteroids 

AND 

Long-acting inhaled beta2~agomsts 
AND, if needed 

Corticosteroid tablets or symp long term (1 to 2 
mg/kg/day; generally do not exceed 60 mg/day). 
(Make repeat attempts to reduce systemic cortico- 
steroids and maintain control with high-dose 
inhaled corticosteroids.) 



The text in EPR-2 on pages 93 and 94 regarding 
step 3 and step 4 care for adults and children older 
than 5 years of age should be revised as follows, with 
the blue text indicating new text. (See Medications: 
Elfectiveness in Children on page 25 for revisions to 
step 3 for children 5 years of age and younger.) 

Step 3: Moderate Persistent Asthma 
Consultation with an asthma specialist may be 
considered because the therapeutic options at this 
juncture pose a number of challenging risk-benefit 
outcomes. Before increasing therapy, however, the 
clinician should review the patient s inhaler tech- 
: ?:ue and adherence, as well as determine whether 
'\ ; ;.g^;)nmental factors are contributing to the 
„^,'; v^tglts vjor^0ng asthma. If a step-up in therapy 
'Ci,: ' -itiWJi;^'* Te at least four options for initi- 
ating 



y - ii , ' Hing inhaled beta^-agonist to 
a low^:^^;^^^ -^^ ;um~dc^' -of inhaled cortico- 
3i.;^.^fr "l^f^.]^; ^ei;;^^B). This is the 

atatr }y .xivestigations suggested 
^ . . liie r % *a' Ipg-acting inhaled betag- 

K^re'-ff ^.et al. 1994) or 
mi|||||l^^^^^^ dose of inhaled 



improvement in 
ontml than 
icosteroids. Since 
ned the 

.ima t Ai$ 
' f.^O{f^'f ^ofcom- 
..,4^ ' to mask 



corticv .ceroids r ji pr 
lungftmctior ^er^ 

.:#^4^ubling ti';^^ - 

^'^'^ at tune, nu:"'^^^uidies ^' 
; jjt Tioritv^ of coinfematir' 

- "^g the dose of ^ 
eve: *ur reducing seve 
(SRE 2%^* , irewsbury 
binatioh w has not m 
worsening ot^ W: .imation afid asthma. Indeed, 
the combinatl mI^s consistendy been shown to 
reduce the mt wof severe asthma exacerbations 
(Pauwds et al 1 997; Shrewsbmy et al. 2000). 
This approach has proved so successful diat it has 
spawned the development of two fixed-dose com- 
binations of long-acting inhaled beta;,-agonists 
and inhaled corticosteroids in one inhaler, one cur- 
rently marketed. The fixed-dose combination may 
be easier to use and hence facilitate adherence to 
the regimen, but there is no evidence of clinical 
superiorit)^ over using the inhaled corticosteroids 
and long-acting inhaled betag-agonists in separate 
inhalers. 

OR 
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eiiiergencv ^'^ 



Increase the dose of inhaled corticosteroids 

<md add a long-acting inhaled beta:^-agonist 
(SRE-Evidence B). This approach should be 
reserved for tJiose patieiits:^^; ^eriencing recurring 
severe exacerbation'^ ^ -hI prednisone, 

jspitalizatioas. 
^ ..loih^ ;f V therapy, the addi- 
^ ir . ^ta;;~ctguiusts to 
fie mlia'ed corticO" 
juced ^ ^:>i;^uld and 
........ /dw^ ^^k >m) . In 

h^; ^ose inhaled ff^ ,.oid groL^j i uuiuared 
wrtpxr lowe^dose ^ kxp, zithQW^/'"^ 
ana!y,>^ ^ not done, ' ^ ' - 'i- ^ ^ 




.either j^~(lo. 
steroids signifl 
^^yere exacei 



OR 



^^py by 
.jse 



OR 



Give iohalea ^ ^ ,."T'croids a. - 
increasing the d^-^ ^-^^^thin the ' 
rtUige (SRE-E\ide . B). This appio^r' 
another preferred tre : .t ^^olion foi 
children; it is an alteriid^ ' but not pre^ .ml 
treatment option for older ch' ,a i imd adiiH'^ 
Studies of adults in which hw of inhaleo 
corticosteroids was at least dotm^it " sistentlj^"" 
demonstrate improved lung funa* ^ -^^^ other 
outcomes in those patients not com^ ik tv 
controlled on low4o~mediuin-doses ot .n^-^d 
corticosteroids, but these results are cons, n ; 
less effective than adding a long-acting infc-.'a ' ' 
beta;?"agonist (SRE-Evidence A, B). 



to be taken off inhaled corticosteroids tlian does 
placebo (1 1 pefceiit difference) (Lofdahl et al. 
1999), The addition of the leiikotriene modifiers 
to inhaled corticosteroids has not been compared 
with doublmg the dose of inhaled corticosteroids. 
Direct comparisons of tlie addition of a leukotriene 
modifier or a long-acting inhaled beta;,~agonist to 
therapy for patients incompletely controlled on 
inhaled corticosteroids show significantly greater 
improvement in lung function and other mea- 
sures of asthma control for patients receiving the 
long-acting inhaled betaragonist and mhaled 
corticosteroid combination (Busse et al. 1999; 
Nelson et al 2000). Thus, although the combina- 
tion of inhaled corticosteroids and either 
th nhylline or leukotriene modifier is not the 
v^o "'^*l>d approach, considerations favoring one 
. .ese alternative combinations would be the 
'"^jmts intolerance of the side effects of the long- 
' 4^Jnhaled beta^-agonist, marked preference 
- ^Sthera|jv'^';!id demonstration of superior 
^nsiv^^|e£t '''^ dternative class of diiig, 
^s we>' ; ^Oiii considerations (theophylline 
' ^pippisive). 



issues t 
.nbinat' 



Add a leukotriene modifier or theophylline 
to inhaled corticosteroids (SRE-Evidence B; 
Evidence B). The addition of leukotriene modi- 
fiers and theophylline has produced modest 
improvement in lung function and some other 
outcomes in patients not completely controlled 
on inhaled corticosteroids. The addition of the- 
ophylline, however, has not been shown to be 
more effective thim doubling the dose of inhaled 
corticosteroids (Evans et al 1997; Ukena et al 
1997). The leukotriene modifiers have produced 
improvements in lung function and in some but 
not all measures of asthma control in patients 
.incompletely controlled on inhtded cortico- 
steroids (Laviolette et al. 1999). In addition, the 
leukotriene modifiers allow slightly more patients 



Recommendations on 

children younger than 
ate persistent asthma 
..tions from studies in 

I expert opinion 
•'we therapy 
||||||died in chil- 

|d they have not 
iger than 4 years 



older c%;:;^t|^.^i{d ad 
^>(E\idence 1:3, D). W 
rnbinations nav^.^.^^ 

be . ST* lied at aL ' ' ^en 
ot ..^ ^' le oegatJvt combination therapy 

in chi^ ■ Ah mild ui uioderate persistent asthma 
failed tfet- Jish a need in the study participants at 
baseline inore therapy ttiao low-dose inhaled 
corticosteroids md thus did not sufficiently address 
the question of combination therapy (Verberne et al. 
1998). In one study in children 4 to 16 years of age 
with moderate or severe asthma, the addition of a 
long-acting beta^-agonist produced a clear benefit 
compared to placebo (Russell et al. 1995). In a 
recent crossover comparison of children 6 to 14 years 
of age on inhaled corticosteroids, no significant dif- 
ference was found with the addition of the LTRA 
montelukast in the primary outcome measure FEV^, 
but a small reduction in as-needed short-acting 
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beta;>-agonist use (.33 pufFs/day) in favor of LTRA 

was found. No difference was found for worsening 
asthma, astlima attacks, or quality ot life (Simons et 
al 2001). Stadies of the addition of l^^ '^hylline to 
inhaled corticosteroids in chllr^^ j^m of 

age showed both a ber^ ^" ; a' , and 
no benefit (Melt^ lVp* these 

theophylline stii " ^daiityto 
genera^- recomnftSati aere is |ply 

one on adjimclive tp ' 
dren a ^' as 4 yem : 
studies I. ^aihdren youngt. 



mcl:;.p|Hil- 



Step 4: Sever^Jgersistent Asthma 

Patients with sfitH^ persistent astlima 
high doses of inha;^ . jiticosteroids ' jag~ 
acting inhaled beta^-^^^tjst and, it an 
oral corticosteroid (Eva^^ > It is i 
opinion of the Expert Pai ^ i^-nt consuftf%%-{ 
with an asthma specialist I, ^--e^ jmmendeci tor 
patients with severe pei-sister irra. Evidenv J 
to date does not support using a tiO^ ' long-term- 
control medication added to inhaled coi^' ^.so^oids 
and long-acting inhaled beta.-agonists i^#to^r to 
avoid using systemic corticosteroid therapf vj: ^ 
(Evidence C). A study found no benefit for tlr^-.^;.^* 
addition of an LTRA to high doses of Inhaled 
corticosteroids and, for most patients in the study 
another medication (either theophylline, a long- 
acting beta^-agonist, oral corticosteroid, or a 
combination) (Robinson et al 2001). Similar studies 
of other long-term-control medications added to tlie 
combination of medium-to-high doses of inhaled 
corticosteroids and long-acting iiilialed bela,- 
agonists in severe persistent asthma cire not available. 

Patients whose asthma is not controlled on high 
doses of inhaled corticosteroids and the addition of 
long-acting inhaled betag-agonists also will need oral 
systemic corticosteroids on a regularly scheduled, 
long-term basis. For patients who require long-term 
systemic corticosteroids: 

m Use the lowest possible dose (single dose daily or, 
preferably, on alternate days). 

m Monitor patients closely for corticosteroid adverse 
side effects (see component 3-Medications). 



m When control of asthma is achieved, make persis- 
tent attempts to reduce systemic corticosteroids. 
High doses of inhaled corticosteroids are prefer- 
able to systemic corticosteroids because inhaled 
corticosteroids have fewer systemic effects. 

m Recommend consultation with an asthma 
specialist. 

Recommendations for Future Research 

The Panel recommends the following research to 
. clarify treatment options: 

Long-term studies to examine the effect of 
Tidjunctivetftierapy on possible loss in pulmonary 
function and the natural history of asthma — 
hospitalization, exacerbations, and decline in 

rpuutfonary tunction. 

. , \ 

Studijp|f noninvasive ittrkers that would give 
a cOTloite picture of both disease activity (e.g., 
^inflammation) and disease control. These could 
!*e used as surrogate maimers for overall asthma 
"fentrgl to guide thera^l Ideally, such markers 
wc^lP^eimore ettifi||t thaii gaugmg a patient's 
response to theraf^piiowing a relatively long 
therapeutic trial. ; 

feng-term stffdiess to examine the importance of 
the greater suppression ot intlanimation achievable 
with higher doses ot intfiaied corticosteroids com- 
pafel with adjunctive meripy Low dos^s cf ' 
inhaled corticosteroids usually ^ire suMiiient for 
improvement In lung functloii and control of 
asthma sympjppis but may not suppress mflam- 
mation to the^arne extent as higher doses. Studies 
to assess the value ot maximum suppression of 
inflammation vis-a-vis therapeutic control will 
contribute to understanding the appropriate use 
of inhaled corticosteroids and adjunctive therapy. 

Evaluations of adjunctive therapies in children 
younger than 12 years of age. 
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Key Evidence Tables 



Table 1-6. Meta- Analysis: Lung Function Outcomes for Studies 
Comparing the Addition of Long-Acting BetEz-Agonists to a 
Fixed Dose of T^-' sc; \ Corticosteroids 




I FEV,: Combined SM3iesfii= 14) 

f ^ i:F: ' ' — 

i FEVj: Sensitivity analysis by quality: 
.Studies that meet all genenc^qii^j lily 
critemextept allocation OTC€a!ni|i|litafid meet fhosl 
{>4) asthma- specific criteria" {n ^ 3) 



■ffect Size 



0.334 



0.319 



FEV^: Sensitiylty analysis by quality: r^' 
Studies thiar ipieet all generic quality cntmh except 
allocation concealnieut (N = 11) 



0.368 



iVj% CI 



0.241, 0.428 



' Test for ^^ ^^ Treatment 



0.139, 0.499 



0.257, 0.478 



PEF: Combined%dte||^(p = 9) 



PEF: Sensitivity analysi$^|>( quality: 
Studies that meet all gene^iiality criteria except 
allocation concealment and itefenjpL (>4) asthma-specific 
criteria (n = 4) ^ 




Ml7, 0.745 



4;460, 0.826 



0.10 



0.14 



0.20 



0.0034 



0.17 



PEF: Sensitivity analysis by quality: 

Studies that meet all generic quality critena except 

allocation concealment (n = 8) ^^.^ 



mo 



0.06 



Source: 



0.17 L 

371% pred 



0.17 L 
3.43% pred 



0.19 L 
4.08% pred 



24.68 L/min 
7.26% pred 



27.33 L/min 
8.04% pred 



26.77 L/min 
7.88% pred 



0.12, 0.22 
2.67, 4.75 



0.07, 0.26 
1.54. 5.54 



0.13, 0.25 
2.85, 5.30 



17,70, 31.65 
5.21.9.31 



19.55, 35.10 
5.75, 10.32 



20.32, 33.19 
5.98, 9.76 



^L"® Association Technology EvMua#i^<eenter. Management of Chronfc Asthma: Emdem toortnechnology Assessment Number 

44. AHRQ Publication No. 01-EO44. Rockvitle. MD: Agency for Healthcare Research ajtd Quality September 2001;: 



Table 1-7. Meta-Analysis: Meaji^iion VsBk utcorr 
Comparing the Addition of Lon j -ting Beta? 
Fked Dose of Inhaled Corticosterc us 



^ ndies 

'^tS' M 




Puffs/day: Combined studies (n = 6) 


-1.18 


-1.56, -0.80 


0.018 


Puffs/day: Sensitivity analysis by quality: 

Studies that meet all generic quality criteria except 

allocation concealment and meet most (>4) asthma-specific 

criteria (n = 3) 


.1.34-.^ 


-1.87, -0.84 


0.20 


Puffs/day: Sensitivity analysis by quality: 

Studies meet all generic quality aiteria except allocation 

concealment (n = 5) 


-1.00 


-1.34, -0.66 


0.14 



Source: 



Blue Cross and Blue Shield Association Technology Evaluation Center. Management of Chronic Asthma: Evidence Report/Technoloqy Assessment Number 
44. AHRQ Publication No. 01-EO44. Rocl<ville, MD: Agency for Healthcare Research and Quality. September 2001. 
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Table 1-8. Meta-Analysis: Lung Function Outcomes for Studies 
Comparing a Lower Dose Inhaled Corticosteroids Plus Long- Acting 



Inhaled BetHg-Ago ni^^ 



increased Dose of Inhaled Corticosteroids 




FEVi: CoitJbfaed Studies (n = 8) 



0.209 



FEV^: Sensitivity analysi^by quality: 
Studies that that meet alCgeneric quality crMeria except 
allocation concealm^it jjrtd m^et most (>%asthma"Speciric 
criteria (n = 4) 0"^/" ^ ''''^ 

■ 

FEV^: Sensitivity analysis by quality: 
Studies that meet all generic quality criteria except 
allocation concealment (n = 1) 



0 203 



0.212 



0.133, 0.285 



0.107, 0.299 



0-134, 0.290 



0.93 



0.94 



0.88 



PEF: Combined studies (n = 10) 



'0.310 



PEF: Sensitivity analysis by quality: v: 
Studies that meet all generic quality criteria ernpt . 
allocation concealment and meet most (>4) astll^iSpecific 
criteria (n = 4) 



0.192. 0.429 

IlillHi 



p 



0.0002 



PEF: Sensitivity analysis by quality: 

Studies that meet all generic quality criteria except 

allocation concealment (n = 7) 



.CriBOO ^ 0.030, 0.569.^4^ 0:000007 

11^'' 



Treatment 

Effect 

Estimate 



0.11 L 
2.32% pred 



0.11 L 
2.25% pred 



0.11 L 
2.35% pred 



11.6L/min 
3.4% pred 



12.75 L/min 
^g.75% pred 



0.296 



i--" 

0.143,0.449 0.00005 



12.58 L/min 
3 J% pred 



0.07. 0.15 
1.48-3.16 



0.06. 0.16 
1.19. 3.32 



0.07, 0.15 
1.49, 3.22 



5.2-18.0 
L5-5.3 



1.28. 24.18 
0.38. 7.11 



6.08. 19.08 
L79. 5.61 



Source: ' 
Blue Cross and Blue Shield Association Technology Evaluation Center. Manipment of Chronic Asthma: Ei^i 
44. AHRQ Publication No. 01-EO44. Rockville, MD: Agency for Healthcail and Quality Septi" 



2001 



portnechno 



jsment Number 



60 



Medications: Combination Therapy 



References 



Blue Cross and Blue Shield Association Technology Evakiation Center. Management of Chronic Asdima: 
Evidence Report/Technology Assessment Number 44. AHRQ Publication No. 01--EO44. Rockville, MD: 
Agency for Healthcare Research and Quality. September 2001. 

B^sse W Nelson H, Wolfe J, Kalberg C. Yancey SW, Rickard K. Comparison of inhaled salmeterol 
and oral zafirlukast in patients with asthma. J Allergy Clin Immunol 1999; 103 (6): 1075-80. 

Dales B, Brooks G, Devoy M. The efficacy and safety of salmeterol compared to theophylline: 
meta-analysis of nine controlled studies. Respir Med 1998:92(2):256-63. 

Ekkelberg 0, Roth M. LorxR, Bruce V, Rudiger J, Johnson M, Block LH. Ligand-independent 
V activation of the glucocorticoid receptor by betag-adrenergic receptor agonists in primary human 
luJig^l^Jasts and vascular smooth muscle cells. J Biol Chem 1999; Jan 8;274(2):1005-10. 

Wm% DJ, Iglor DA, Zetterstrom 0, et al. A comparison oflow-dose inhaled budesonide plus 
ttieophyMie and high-dose inhaled budesonide for moderate asthma. N End J Med 
- 1997;337{2q)y^41%8. 

^^-^ 

Fjellbirkcfand L, Guls\>1k A, Palmer JB. The efficacy and tolerability of inhaled salmeterol and 
individually dose-titratecl, sustained-release theophylline in patients with reversible airways 
fseaso,, Respir Med j[994:K8(8):599^ 607. 



Qxmki^^^,'0pSN, NorthfieW Rl. Shaw G. Added salmeterol vei^us higher-dose corticosteroid in 
asthmS pati||itsm^tfi syinptams on cxistmg mhaled corticosteroid. Lancet 1994;344(8917):2'19-24. 

Laviolette M, Malmslmpi K, S, Ch^-vinsky P, Pujet JC, Peszek I, Zhang J, Reiss TR Montelukast 
added to inhalcMi||M0m^tnasone In tieatmcnt of asthmat^Montelukast/Beclomethasone Additivity 

'#Group. Am J R^'Crit Cai^ l^|999;M0(6): 1862^8. 

L^m SC, Boushey HA, F%^|¥,#hinchilli VM, Lcmanske Jr RF, Sorkness CA, Kraft M, Fish JE, 
Peters,SP, Craig T et al. Lottg-acting>ft-^|^Bt monotherapy vs. continued therapy with inhaled 
corOcosiefoias in patients witbpersMent Sthma: a^^iiomized controlled trial. JAMA 
200i;2^0):2583-93. M ^ 



Lemanske Jr RR^^kiiess CA, MaugtT EA, SC, Boushey 1 lA, My JV, Drazen JM. ChinchilU 
VM, Craig X; Fish JE, et al. Inhaled corUrostcroid fedtiilion and elimination in patients with persis- 
tent asthma rece^ngii|i^eterol: a rantoifeftdi conirolieci triai, JAMA 2001;285{20):2594-603. 

Lim S, Jatakanon A, Gbf^Oii D, Macdonald C^^|1cF, Barnes FJ. Comparison of high dose 
inhaled steroids, low (ictentpied steroids plus low dose theoplipinc. and loW dose inhaled 
steroids alone in chronic%thil#in general practice. IMm 2000;55{10):83T-41. 

Lofdahl CG, Reiss TF, Leff JA, Israel E, Noonan MJ, Finn if||eidenl^ergfe;a^i^zi X Kundu S, 
Godard P. Randomised, placebo cogrolied trial of effect if ^ii leukotriene r€ce|tQr antagonist, 



montelukast, on tapering inhaled i 



|ds in asthma^i^^MJ 1999;319(7202):87-90. 

Mclvor RA, Pizzichini E, Turner MO. Hussack F, Hargreave FE, Sears MR. Potential masking effects 
of salmeterol on airway inflammation in astiiimrMti J Respir Crit Care Med 1998;158{3):924-30. 

Meltzer EO, Orgel HA, Ellis EF, Eigen HN, Hemstreet MR Long-term comparison of three combina- 
tions of albuterol, theophyllme, and beclomethasone in children with chronic asthma. J Allergy 
Clin Immunol 1992 Jul;90(l):2"ll. 



Muir JF, Bertin L, Georges D. French Multicentre Study Group. Salmeterol versus slow release 
theophylline combined widi ketotifen in nocturnal asthma: a multicenter study. Eur Respir J 
1992;5(I0):lI97-200. 

Nassif EG, Weinberger M, Thompson R, Huntley W. The value of maintenance theophylline in 
steroid-dependent asthma. N Engl J Med 1981; Jan 8;304(2):71-5. 



61 



Medications: Combination Therapy 



Nelson HS, Biisse WW, Kerwin E, Church N, Emmett A, Richard K, Knobil K. Fluticasone 
propionate/salmeterol combination provides more effective asthma control than low-dose inhaled 
corticosteroid plus montelukast. J Allergy Clin Immunol 2000; 106(6): 1088-95. 

Paggiaro PL, Giannini D, Di Franco A, lesti R. European Study Group. Comparison of inhaled salme- 
tcroi and individually dose-titrated slow-release theophylline in patients with reversible airway 

otetnsctiuTL EiirRe^pir j 1996;9(8):1689-95. 

Pamvels RA, Lofdahl CG, Postma DS, Tattersfield AE, O'Byme P, Barnes PJ, Ullman A. Formoterol 
and iufticQsteroids Establishing Therapy (FACET) International Study Group. Effect of inhaled 
iCgpolaBl and budesonide on exacerbations of asthma. N Engl J Med 1997:337(20): 1405-11. 

i'kmn WE, LaForcc CE Bell TD, MacCosbe PE, Sykes RS, Tinkelman D. Long-term, double-blind 
coiiipailson ol < oolroUed-release albuterol versus sustained-release theophylline in adolescents and 
adults mih asthnia. J Alkx^ Clin Immunol 1990;85(3):618-26. 



Roberta JH.:ffesai HI. Gillespie CA. Simons FE. Sustained-release terbutaline vs. sustained-release 
tliee^ylline in ymg patients wnih asthma. Am J Dis Child 1986;140(7):650-54. 



Russell G, Wi^l^, QA. Welier P, Piito JE Salmeterol xinafoate in children on high dose inhaled 
steroids, >^pi!^^ 'Asthma i995;75(^M£3-8. 



I , . „, 

^?,:Shrewsbury S, Pyke S. U. Meta-analysis of incfcased dose of inhaled steroid or addition of 
' salmeterol in symptajEiatic asthma (MIASMA); BMJ 2000:320(7246): 1368-73. 

S^ns FE, ViUa JR, Lee BW, Lyttle Bi^ip||abal G, Laessig W. Schuster A. Perez-Frias 

el^M, Monj^^ukast adde|,tiMi^Mtle in chiiteA'iw iSi persisM|, asthma: a randomized, double- 
bllS^pSissov^tudy: J Mfer2b01;138(5);694^1^^ ' ...^ "^^f ' ^ - 

Sont JK, WiJlemLM. Bel EH, van Kdejke|g, Vandeij^ucke JR Sterk PJ. The AMPUL Study Group. 
Clinical contipi j|jaJiistopathologit^s®t^Se of i^thii^^g using airway hyperresponsiveness as an 
additional gui^| tb i>n^|nn treatiSnt. Am J Rapir ^i^^ U0Up-^5Q{4 Ft 1):1043-51. 

Ukena D, Hamest U,%akalauskas R, MagyiM^^^^itter N, Stiffen H, Lkchtl S, Rathgeb F, Keller A, 
Steinijans VW. Comparison of addition ofliieophylltne to inhaled steroid with doublmg of the 
dose of inhaled steroid m astnuia. Eur Respir J 1997,^0{12):2754^ 60. 

Verberne AA, Frost C, Duivermastp Grol MH, KerreMj» p:^^4<|ition of salmet erol versus dou- 
bling the dose of beclomethasdne tn children with asfibma. The Dutch Astiuna Study Group. 
Am J Respir Crit Care Med 1998;! M§[ 3-9. , jlllilB^^^^^^ 



Weinstein SF, Pearlman DS, Bronsky EA, %yim A, Arledge T, Liddlc R, Slahl E, Emcagr of salme- 
terol xinafoate powder in children with chronic persistent asthnia. Ann Allergy Astlm^tomunol 
1998;81(l):51-8. ' 

Woolcock A, Lundback B. Ringdal N, Jacques LA. cilg^on of addition ot salmeterol to inhaled 
steroids with doubling of the dose of inhaled steroi(6%ih%]fepir Crit Care Med 1996:153(5):1481-8. 



Medications: Use of Antibiotics 



Use of Antibiotics To Treat Asthma 
Exacerbations 

Question 

Does routinel^r^0ng anilb$0^'to standard 
care ii^^^^Mfoutmmei^f^^ for 
acute exBi^r^ilm of asthma? Does the addition 
t^antibioMcs to Btanda^ care in the following 
populations impromWhe outcomes ottreatment 
[for an acute exacetb^lon of asihrriatpatients 
without signs and syn^ptoms of bacterial infec- 
tion; patients with sigfmj fnd symptoms pf a 
bacferial infection; pati^^ with s/piS|^cf 
symptoms pf. sinusitis? Ml 



Summary An^^ . tr the 



The available evidence (two, randomized, contrMled 
clinical trials) suggests no benefit from antibiotic 
therapy for asthma exacerbations, whether adminis- 
tered routinely or when suspicion ofebacterial 
infection is low (SRE-Evidence B). No studies ^'^^^ 
addressed the question of greatest relevance, to con^ 
temporary clinical practice: whether addition 
of antibiotics to standard care when signl'^Sd 
symptoms suggest the possibility— but & not 
clearly indicate the presence— of bacterial infectigin 
improves the outcomes of treatment for acut? . 
asthma exacerbations. 

The EPR-2 recommendation has not been changed: 
Antibiotics are not recommended for the treatment 
of acute asthma exacerbations except as needed for 
comorbid conditions — e.g.. for the patients with 
fever and purulent sputum, evidence of pneumonia, 
or suspected bacterial sinusitis. 



Rationale for the Question 

Asthma exacerbations often are associated with 
clinical signs of infection, such as purulence of 
expectorated sputum or nasal discharge. Most 
asthma exacerbations are associated with infection 
by a respiratory virus, especially rhinovirus 
(Nicholson et al. 1993; Johnston et al. 1995), but a 
small percentage of exacerbations are associated with 



■ 



infection by an atypical bacterium, like Mycoplasma 
pneumoniae or Chlamydia pneumoniae (Freymuft et al. 
1999). It is widely believed that coincident bacte- 
rial sinusitis contributes to asthma exacerbations, 
and some clinicians have postulated that airway 
obstruction due to mucus plugging — common in 
asthma — predisposes patients to bacterial infection 
of nondraining regions of the lungs. 

In the absence of clear signs of bacterial infection 
(e.g., lobar pulmonary infiltrate on chest radiog- 
raphy distinguishing viral from bacterial infections), 
infection is often difficult to manage. Viral infections 
commonly resemble bacterial infections in that they 
also cause neutrophilic inflammation of the upper 
and lower airways (Teran et al. 1997; Trigg et al. 
19B6; Fahy et al. 1995). This difficulty, coupled 
evetf with the remote possibility that bacterial 
infection may be associated with an asthma exacer- 
bation, niay account for the frequency with which 
antlfototijcs are prescribed in addition to inhaled 
bront^iclilators, irtaied or systemic corticosteroids, 
laM supplemental o^iygen. 




atic 



J of the Evidence 



The foltowitig descriplion o|the SRE is an adapta- 
tion ot ttie evitoice report, including direct 
excerptsv«Bml^1by.tl(6^il1ueG^ Blue 
Shield Association Rvidence-Sases^ fi la^^^ Center. 
4See Introductioi|^ethods.) 

I ^ethods of Lififature Searcll?^^^ 

In add||l^^f the selection criteria for studies 
related t1^g(|pics in the SRE (described in the 
Introduc^^feection), studies for this question were 
included in which standard care (asthma medications) 
plus antibiotics was compared with standard care 
alone in the treatment of acute asthma exacerbations. 
Patient populations included patients without signs 
and symptoms of bacterial infection, patients with 
signs and symptoms of bacterial infection, and 
patients with signs and symptoms of sinusitis. 
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I Summary of Findings 
Studies 

Only two randomized, double-blind, placebo- 
controlled, parallel-group trials— witli a total enroll- 
ment of 121 patients— iiaye addressed the question 
of whether routinely adciieg antlDiotics to standard 
care improves tlli||tcomes ol treatment tor acute 
asthma exacerbatiM; (Shapiro et al. 1974; Graham 
et al^l982). (See the key evidence tables in thh., 
sectioffl^Both trials studied patients fiospitalizedi 
for asthma fcAaceiJ^ations. Both used a penlcilliii 
derivative whgplpiivity against atypieaii bacteria ^ ^ 
was unknown* ^Ipiro and coUeipfis examine 
effects of hetaciliin (an analogue ot ampicillin; 100' 
mg/kg every 24 ites^ a minimum of 24 hours, 
then 225 mg four timt^^^per day for 6 days) in 50 
children who did not exhibit clinical evidSMg\g^e , 
bacterial infection. Graham and toUeagues examibed 
the effects of amoxicillin (500 np three times per 
day) in 60 adults and adolesceni^ho experienced 
a total of 71 hospital admissions. Whweas the pedi- 
atric study explicitly excluded patients witMdinical 
evidence of bacterial infection, the study ot adplts 
and adolescents excluded only patients witli evidence 
of pneumonia on chest radiography Thus, thtj ^ . 
populations in these studies consisted prhnarilypit 
patients without signs or symptoms of bacterial^^f"^ 
illness, including suspected acute sinusitis. 

In both trials, all patients received standard care 
that included high-dose oral or intravenous cortico- 
steroids and regularly scheduled beta2-agonist 
treatment. In the pediatric study, all patients 
were also treated with intravenous aminophylline 
followed by oral theophylline. 

The study design and conduct for these two trials did 
not meet the SRE criteria for higher quality because 
of deficiencies in allocation concealment, subject 
withdrawal, and reporting of power calculations. 

The outcomes analyzed included change in FEVj, 
symptom scores, and length of hospital stay 

I Results of Studies 

Neither study reported an association — nor a trend 
towards an association— between antibiotic treatment 



and greater improvement in any asthma outcome. 
Therefore, available evidence suggests no benefit 
from the use of antibiotic treatment for asthma exac- 
erbations either routinely or when the suspicion of 
bacterial infection is minimal. (See key evidence 
tables 1-11 and 1-12.) 



Additional Literature/Information 

A related question, for which clinical trials data are 
unavailable, should ask whether the use of an antibi- 
otic active against Mycoplasma and Chlamydia would 

plter outcomes. Some recent studies using polymerase 
chain reaction (PCR)-based methods for detecting 
specillc genomic sequences have suggested that 
l^gnic with these organisms may con- 

triWte to tfilmerity of chronic asthma (Kraft et al. 
1998). These Mgniy sensitive methods have not yet 
been applied to the analysis of airway tissue or 
secretions obtBtoed trom patients suffering acute 

^^exacerbations^^us, there is a theoretical basis for the 
concept that a sub^^^i patients with asthma 
mcerbationsma|behd^|m treatment with an 
antibioti{;i^||:fe active mi&k these atypical bacteria. 

The EPR-2 statem|M that "the use of antibiotics is 
generally reserved jfor|atients with tever and purulent 
sputum (discolored because of polymorphonuclear 
^fe^cytes, not eosinophils)" comes imder scrutiny 
becatiSf low-grade iever also may accompany viral 
respiratdxy .infections. Furthf ripore, a recent study 
shows that discoloration oi sputum by polymor- 
phonucleaiaetiK0cytes is obsen^ed in %Jpt 
tracheobronchitis, and the sputum Iroin patients 
suffering from uncomplicated asthma exacerba- 
tions commonly contains high numbers of 
polymorphonucl^rteukocytes (Fahy et al. 1995). 



Recommendations for EPR Update 

No evidence supports changing the EPR-2 recom- 
mendation (SRE-Evidence B). The parenthetical 
statement on page 116 of EPR-2 ["(discolored 
because of polymorphonuclear leukocytes, not 
eosinophils)"] should be removed (Evidence C). 
The recommendation can otherwise stand and 
is as follows: 
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Antibiotics are not recommended for the 
treatment of acute asthma exacerbations 

except as needed for cumorbid conditions. 
Bacterial, Chlamydia, m Mycoplasma infec- 
tions infrequently^ i^otrlbute to exacerbations 
of asthma i|^4her€tore tiie use of antibiotics 
is geneMl|^??seryad tor patients with fever 
and pMiiieit sputum ma tor patients with 
evident of pneuMpma.- When the presence 
of bacterial sinusitis is suspecteclctreat with 
miotics, ^t'' rt; 



Reco' .ir^hdations^? future P<- 



No studidi adctressed the questioi|^^f^gi)Batest 
relevance to coote|iporary cliniqp^pBctice— \ 
whether the acltlitM4)f antibiotics to, standard c^e, 
when signs and syuiptoiiis suggesftfie%ossibility 
but do not clearly indlgte the presence ot bacterial 
infection improves the Stitcomj&s of treatm»t J^i^ 
acute asthma exacerbations, f Me two trials i^fewed 
excluded the patients most likely to be treated with 
antibiotics and those with signs .^i^ symptoms 
suggestive of bacterial infection, inciucling suspected 
acute sinusitis. Studies of the efficacy of ai^tibiotic 
treatment in this group are needed. 



Several studies are needed to clarify the role of 
antibiotics in the treatment of asthma exacerbations. 
Questions for research are as follows: 

m What is the efiBcacy of antibiotic treatment in 
asthma patients most likely to be treated with 
antibiotics, such as those with signs suggestive 
of bacterial infection, including suspected acute 
sinusitis? The role of sinusitis in acute exacerba- 
tions of asthma has not been tmly defined. 

m What is the role of sinusitis in acute exacerba- 
tions of asthma or increased asthma severity? 

■ What is the efficacy of using an antibiotic active 
agaiQst atypical bacteria, given the possibility 
^^tjoch bacteria commonly contribute to 

f asthma exacerbations? 

■ %%at would be the value of studies applying 
rnodpi sensitive methods of detection of atypical 
bactfeka fe^^PC^based methods) to samples of 
ainv^tissu^ or secretions obtained at the time 

of aif isttpia exacerbation? 

D^tibiotigs such as macrolides have a non- 
* antibiotic action (e.g., anti-inflammatory) that is 

beneficial in asthma^Ments? 



' "T 



jjjiiM 
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Key Evidence Tables 

Table 1~9> Study Characteristics 




Graham, Milton, 
Knowles et al. 1982 



Randomized, - ■ - 
loptrolled. 



i 



Shapiro, Eggleston,., 
Piersonetai. 1974 



Randomized, "^^"^ 
double-blind, 
placebo-controllett,;j^^^ 
parallel group trlaJ^.^r 



iiiantry: 
United Kingdom 

Funding: 

Government grant 

I'x Slurring: 
Uniyomty Hospital, 
mpauoJit getting 



Stated: Not specified 



Estimated: Unable to 
estimate 



Counuy: 
United States 



Funding: 

Pharm Industry and 
Government grant 

Ir^^^etting: 
Bosj>ltal, inpatient 
setting 



' Stated: Mot specified 



'psiimated: 
Unable to estimate 



Eligibility assessed 
on admission to 
hospital with asthma 
exacerbation: 

• FEViOf 1.5Lorless 
and/or PEF of 150 
1/min 

• Reversibility of FEVj 
at least 15% sponta- 
neously or after 
inhalation of beta?- 



Exclusions: Evidence of 
pneumonia on CXR, 
history of penicillin 
allergy 



Eligibility assessed 
on admission to 
hospital with asthma 
exacerbation: 

♦ Severe bronchospasm, 
lack of response 
to subcutaneous 
epinephrine 

Exclusions: Clinical 
l^ence of bacterial 
action; recent use of 
^atimotics 



Source: 

Blue Cross and Blue Shield Association Technology Evaluation Center. Management of 
44. AHRQ Publication No. 01-EO44. Roclcville, MD: Agency for Healthcare Research 



Ciifdmc Asthma- EvidSnce Report/Technobgy Assessment mmber 
and^pciality. September 2001 . 
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Table 110. Study Para meters 







Graham, Milton. 
Knowles et -il 
1982 ^^^^ 

i 

1 


Placebo 


Placebo tablet 3 times per day 

Oral prednisolone (20-60 mg/day) and/or 
IV hydrocortisone (100-200 mg every 4 to 

6 hours) 

Regiilarly scheduled betag-agonists and/or 

mfmiM^fli lUUlca Lcl die 11 11 llUlLUl^ 

Chest physiotherapy 


60 patients enrolled with 71 exacerbations. 
Unit of analysis by exacerbations. 


AnlMQiku 

1 


AmoMcillin 500 mg 3 times per day 

Oral prediils<|l^M (20-60 mg/day) and/or 
IV h|drCK:af«tiie (100-200 mg every 4 to 

Regularly sched]iil^^ta2-agonisls and/or 
ptiospJUodiesterase inhibitors 

^^Ipli^ffitherapY 

> />.ii 


Culture-proven bacterial source of infection 
found in two patients on admission and two 
patients on discharge 


Shapiro, 
Eggleston^ 
Pierson et al. 
1974 


Placebo y 


Placebo liptnes per day for 6 days 

j:iy hydrocortisone^{1FBig/Mg/H4 hr) for 24 

.7^ liiirs, followedl0it'i(l pkdiiisone. ^ . ' : ^^t- 

IV^inophylline (15 mg/kg/24 hr) for 24 
ii&ir^#Mlowed by oral t5$)pWlme> 1 

Nebuted betag-agonists min x 4, 
theimfiedid , 


>^i|f:patients enrolled with 44 exacerbations, 
unit of analysis by exacerbation 


Antibiotics 


Hetacimr(100 mg/kg/24 hr) for at least 24 
hours, followed foy oral hetacillln 225 mg 
4 times per day/of 6 days 

IV hydrocortisone (T mg^g/24 hr) for 24 
hours, followed byiiM Iplnisone 

IV aminophylliue (15 m^kg,^24 hr) for 24 
hours, followed by oral theophylline 

Nebulized beta2-agonists q30 mio x 4, 
then as needed ^ 





Source: 

Blue Cross and Blue Shield Association Technology Evaluation Center. Management of Chronic Asthma: Evidence Report/Technology Assessment Number 
44. AHRQ Publication No. 01-EO44. Rockville. MD: Agency for Healthcare Research and Quality September 2001. 
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Key Evidence Tables 

Table 1 IL Lung Function Outcome 




Graham, Milton, 
Knowles 
etal. 1982 



Shapiro, 
Eggleston, , 
Piersonet al.l9V4 



Placebo 



71' 



32* 



Study Duration (days) 
(median/range) 



37* 



Placebo 



24* 



Antibiotics T - 



20* 



8 

(3-16) 


20.9 
(<7.3-63) 




7 

{3--25) 


23.1 
(<7.3-45.5) 




2.9 
(SD 1.4) 


26.5 
(SD 15) 




2.5 
(SD0.8) 


28.3 
(SD 11) 





Table 1-12. Symptoms/Utiliza ^ur Outcome' 




Graham, Milton, Knowles 
etai. 1982 



Shapiro, Eggleston, Pierson 
etal. 1974 



Placebo 
Antibiotics 



Placebo 
Antibiotics 



.34 
37 



24 



20 



^^^^ ^ISBBmESS! 




32 


' (3-16) 




37 


7 

(3^25) 




24 


^ j< iWi.4) 






2.5 

(Sd'o.8) 
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^Unit of analysis w^s^ad mission. Number ^onc^ represented total i%r,slons in boiU groups, information not provided by group. Number evaluated 
represents total nomj^tjr of admissions included in analysis. - ^ 



Source: 



fuDnf M^'^'f ^^l?^"^ "Iff ^S^j?"" Techr>ologJ evaluation Center Mrjmgment of Chronic Asthma: Evidence Reportnechnology Assessment Number 
44. AHRQ Publication s\o. 01~EO44. Rockvifte. MD^paq^ for HcMaiicafc Research a September 2001 . 




Source: 





Basciine Sytupturri Score 


roSffl^^ ^^^^^^ ^P^KraSSnP 


P-ValiiG 




11 

(6-12) 


4 

(4-8) 


fc. ^Illl 

f 




W^^'^ ^ 

7 

.#-25) 






11 

(5-12) 


5 

(4-9) 


NS 




7.1 (mean) 
(SD 2.2) 


2.5 
(SD 2.0) 










7.1 (mean) 
(SD 1.8) 


2.0 
(SD 2.0) 


NR 


(SD0.8) 





A^iS^ n°\^^^"'^. ^'^f ^"^'^'^ Association Tecl-inology Evaluation Center. Management ofChrBnic Asthma: Evidence Report/Technology Assessment Number 44 
AHRQ Publication No. 01-EO44. Rockville. MD: Agency for Healthcare Research and Quality September 2001. 
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2. Monitoring 




Two distinct questions have been raised 
regarding the use of written action plans 
in the management of asthma. First, does 
the use of written action plans make a dif- 
ference in patpit outcomes beyond those 
aepffipl{||ie4y medical/ 
ptiarmacfflbgi management? Second, 
k there aglterence in patient outcomes 
bet^en, action plans based on symptom 
monitoring and lio§e based on peak flow 
monitoring? This section of the EPR 
Update considers both questions. 



Written Ac' 
to MediCf 



ipared 
lone 




Compared to medical 



atom, ^0e0he use of a wriUen asthma 
actiof^an improve ^ '" 



omesf 



Summary A i 



rj#o the ^ues**-' 



selection, withdrawals, data collection, 
or analysis. 

However, a Cochrane review of 25 studies 
comparing asthma self-management educa- 
tion interventions for adults to medical 
care without such education also contrasted 
those studies with self-management 
interventions that included written action 
plans to those that did not. The self- 
management interventions that included 
written action plans had the greatest 
benefits, including reduced emergency 
department visits and hospitalizations 
and unproved lung function. 

^ The EPR-2 recommendations have not 
been changed: It is the opinion of the 
Expert Panel that use of written action 
^ plans as part of an overall effort to educate 
i|;patients Ip self-management is recom- 
m^ded/esitecially for patients with 
modfcite or severe persistent asthma and 
Its 5|ith a history of severe exacerba- 
" pee B, C). 



Data are insufflcieiiyo support or refiife 
the benefits of using"%ritl^ asthma action 
plans compared to medical management 
alone (SRE-Evidence B). Sp?en studies 
compared medical management with 
written action plans to medicall^amge- 
ment without action plans. BeyoScll 
including instructions on the action plan 
to the intervention groups, four of thes^^ 
studies did not include asthma education 
for either the intervention or control 
groups; three of the studies included similar 
but limited asthma education for both 
intervention and control groups. Only one 
study included children. Significant limi- 
tations in study designs and methods in 
these studies preclude conclusions. For 
example, the studies showing no benefits of 
written action plans did not have sufficient 
power for comparisons between treatment 
and control groups, and the two studies 
reporting significant improvements with 
action plans had potential biases in patient 




Question 



iMiisI of written action plans is recom- 
mended in the EPR-2 and |s widely 
accepted a^piod practice. &nerally, 
the us^;^|Mtdlp||||^ has been 
studied as part of sell-management 
education (Gibson et al. 2000). In busy 
^ gpetices, however, physicians often 

their patients with action plans 
itfiejpendent of other asthma education 
efforts. This question was posed in order 
to identify data that describe the effects of 
using written action plans, independent 
of other components of asthma education. 
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Systematic Review of the Evidence 



I Summary of Findings 



The following description of the SRE is an adapta- 
tion of the evidence report, including direct excerpts, 
submitted by the Blue Cross Blue Shield^ssociation 
Evidence-Based Practice Copter. (See Introduetion, 
Methods.) , ^ ^ ;,v 



I Methods of Liti 



iture Search 



1!^ 



For the^purpose of the S^femiction pfen is a 
written ^gorithm that identities SMcijit clldloi 
indicators thatlftpld alert p|tteMl||p make 
adjustments in their medication^a provides 
specific instructtens on how to make these?ad|ust~ 
ments. EPR-2 recommends the use of botli a daiiy 
self-management plan ffi(tin action plaulor exacer- 
bations. Generally, stufe included in the SRE%. 
involved the use of one plan tmt combmed the 
objectives of both. Typically, ttie plans divided steps 
for patient actions into differerii^^ojies, |n which 
recommended actions are correlat^'IfTfli differing ^ . 
acute signs and symptoms of worsenmg asthma. 
Most of the plans in the available studiepised ^ 
four-zone plans, some were three-zone plans t|tt did 
not include directions for use of oral corticos^ioid^* 
before seeking emergency care. 



The evidence review examined studies in which the 
intervention used an action plan as defined above 
and, if asthma education was given to both treatment 
and control groups, the treatment group had no 
more than 1 additional hour of education for the 
action plan. The treatment/observation duration was 
at least 12 weeks, and the intervention and control 
groups received the same treatment, except that the 
mtervention group also received a written action 
plan. Studies were excluded if the comparisons were 
confounded by additional treatment components in 
the intervention group — for example, optimization 
of medications in the intervention group only or 
education programs of more than 1 hour in tihe 
intervention group only The literature review 
included randomized controlled trials (RCTs) in 
which at least 25 evaluable patients (not physicians) 
were randomly allocated to the intervention and 
control groups. 



Studies 

Seven studies involving more than 1,400 patients 
met SRE inclusion criteria for review; only one of 
the studies included children. (See the key evidence 
tables in this section.) None of the studies met SRE 
standards for high quality; each had significant limi- 
tations. None was conducted with sufficient power 
(i.e., adequate numbers of subjects in each study 
arm) to enable comparisons between treatment and 
control groups. In one study reporting reduced 
emergency department visits, data were unavailable 

; fa control for baseline differences that may have 
exiled between treatment and control groups, and 

..i|ie lejporte||ffect may be attributed to a subset of 
high h eqwii^l pers. In another study, the design 
involved c||n^Ss who both provided plans and 
collectrfissessment data. Moreover, a large number 

: pjyspbf ects vc§«xcluded from the analyses. 

i^AU ^wiri^tiidies comgared niedu:al management 
with written action pl^s to medical management 
^v^|ut'writM^clitp;'^^^ and all used a peak 
f]owmg|#balf^plan. TJreeof the studies also 
included lirnMli^'but^&tW asthma education for 
^ both the intervention Md control groups, but the 
■^|roups still dilli^d as to wliether^tten plans were 
.^fed. In two trii^(iie^epntrotgroup used peak flow 
meters but without In aSfadn pi 




oiitcomes, 



Results .oi€tudies 
Five filals doc^ented na<i 
and two trials documented s^lgnilicanmneiit of 
written action plms, especially in reducing emer- 
gency department yipts. However, there were notable 
limitations to each ott^ese trials, as described earlier. 
In summary, SRE study data were insufficient to 
support or to refute the advantages of using asthma 
action plans independent of self-management 
education when compared with medical 
management alone. 
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Additional Literature/Information 

Evidence supporting the use of written plans as a 
component of self-managemeiJM^ucation is reported 
in a recent Cochrane Collabor||!0i review (Gibson et 
al 2000). The SRE qu§|tioiio]ll«ion plans provides 
a clearer assessment ot !soiatiii| tlie advantages of 
providing m action plan^ The Cochrane review 
gentered on the Mmtiimt selt-management 
.^4?^ Interventions and reguir medical remew with the 
fe^ciinician vs. usual medical car^h^^CkMirane review, 
hpwever, also contrasted those pil-manageeitent 
intervmtions with writt4m ac^h plans to tliose 
withoiifwritten action^p^K.' The revlewdnckded 
some of^the same studies included talje SRE but 
overcame the lIMtations ot stud||kmple sizes by 
pooluag data. Frf^er, the set oC^| studies in the 
Cochrane revieW^Si^larger than'^^^|^^ i|i:^the SRE' 
due to the broadei question under revi^ 
In the Cochrane analysis that compared results of 
self-management interv^etions with actidfi:y^|to 
those without, the interv&itions with written action 
plans demonstrated the greatest bei\^ts, including 
reduced asthma-related hospital admissions (odds 
ratio 0.35, 95 percent confidence ipteirval) and ^ 
reduced emergency department visits (b4|^ratio 
0.55, 95 percent confidence mterval). In addition, 
patients who managed their asthma by adjusting 
medications according to a written action plan Jiad 
better lung function than those whose medicai|6i|fe 
were adjusted by a doctor during regular care vislS. 
The review concluded that training m asthma self- 
management that mvolves self-monitoring by either 
peak flow or symptoms, coupled with regular 
medical review and a written action plan, appears 
to improve health outcomes for adults with asthma. 

Additional evidence supporting written action plans 
coupled with regular patient education and medical 
review is available from a recent case control study 
(Abramson et al. 2001). This study does not fit the 
SRE review criteria because studies that qualified 
for this review were required to be RCTs allowing 
inferences of cause and effect, and they were required 
to provide an action plan independent of a multicom- 
ponent intervention including education. Although the 
Abramson study is not an RCT, it is a well-conducted 
study that compared 51 patients who died from asthma 
to 202 patients presenting to hospitals with acute 



asthma. The study reported that written action plans 
for patients with severe persistent asthma were 
associated with a 70 percent reduction in mortality 
risk. As such, the study supports the opinion that 
providing written action plans as part of asthma 
education is an important element of practice. 



Reconnnfiendations for EPR Update 

No data from the SRE, in which RCTs compared 
written action plans to medical management 
alone, indicate the need to change the EPR-2 
action plan recommendations (SRE-Evidence B). 
Additional data from studies on action plans as 
a part of self-management education support 
the EPR^2 recommendations (Evidence B, C). 

.iowing blue text indicates revisions that 
should be incorporated into the text on pages 33 
.arulfeaan EPR-2. 

Compoxient |^ Measures of Assessment and 
Monitoring; ^l^odic Assessment and 
^'Mon|#|ng (pige 33 in EPR-2) 

fnonitoring, symptom moni- 
toring, or atommnation of approaches is used, the 
Expert P|nrffelie^^^ittsdf-monitormg is impor- 
tant taSflgMteetiflf^^^ of asthma. 
The nat^^^ M^sity of self-monitoring shouM 
be indivicfualized, based on such factors as asthma 
severity, patient ||bi|^^| perceive airtlow obstruc- 
tion, availabililyKpSfik tlow metersFand patient 
pretereiiies. ' 

It is theSD^Eion of the Expert Panel that, 
regardtesl#^^^^ type of monitoring used, 
patients s^iici be given a written action plan 
and instructed to use it. (See figure 4-5.) It is 

the opinion of t he Expert Panel that including 
action plans as part of an overall effort to edu~ 
cate patients in self-management is the soundest 
approach and is especially indicated for pa tients 
x^ith moderate or severe pemstent disease or a 
history of severe exacerbations (Evidence B, C). 
It is the opinion of the Expert Panel that a plan is 
important in large part because it enhances clinician- 
patient communication. The plan should define a 
regimen that meets the medical needs of the patient 
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and should have a format that iaciiitates the patients 
understanding and ability to take appropriate action 

to control the disease. Regardless oi iorniat, an effec- 
tive plan should include the foliowinqr^ 



m Explicit, patient-spe^^v 

environment^3~ 'Lmy 
efforts that a. ' 
the^' lactofexacerbcc 

u Arr^^' i'^*hm of proi ' jatr' 
how t dse ioDo^term-tv .0^ 
cines, give^ r-«t of specili 



' ' for 

or reduce 



conditions, !iw iiistnicW^>^n how 
medicine adjci^^tj e ts , when conditions 

Steps the patient s*/ .dr take when r^^^. nes ai'e 
ineffective or if an eii^^ .ysituatioS^ ^ 



Contacts for securmg urge'|^..e, if needed 



As emphasized above, it is the opii.r A th^^ Expert 
Panel that a written action plan is consid^^ .a -^art of 
ongoing effbrfe to provide seli^maiiagemer .efiMcation 
and support appropriate to the severity of 
patients asthma, the patient's age, and relaSf*-^' 
circumstances (Evidence B, C), the clinician siiould 
periodically review the plan, revise it as necessary, 
and confirm that the patient knows what to do if his 
or her asthma gets worse. 

Component 4: Education for a Partnership in 
Asthma Care, Key Points (page 123 in EPR-2) 

m Patient education should begin at the time of 
diagnosis and be integrated into every step of 
clinical asthma care. 

a It is essential that education be provided by all 
members of the health care team. The prmcipal 
clinician should introduce the key educational 
messages and negotiate agreements with patients; 
these messages should be reinforced and expanded 
by all members of the health care team. 

m Teach asthma self-management, tailoring the 
approach to the needs of each patient. Mamtain 
a sensitivity to cultural beliefs and practices. 



a Teach and reinforce at every opportunity: 

• Basic facts about asthma 

• Roles of medications 

• Skills: inhaler/spacer/holding chamber use, 
self-monitoring 

• Environmental control measures 

• When and how to take rescue actions. 

» Jointly develop treatment goals. 

» To encourage an active partnership, provide all 
patients with a written daily self-management 
, plan and an action plan for exacerbations. 

^ written action plan is considered part of 
'^K^; tgoing efforts to provide self-management 

' ication ' ^ support appropriate to the severity 
^^>^ tne ^ ; , asthma, the patients age, and 
" ^'^Mstances (Evidence B, C). Action 

plans a e especially important for patients with 
^1 moderate-to-severe asthma and patients with a 
' history ofesevere exacerbftlons. Provide appro- 
prmte patients with a dally asthma diary. 

a Encourag^^ereitfi^by promoting open 
communicalton; individualizmg, reviewing, and 
adjt|ting,^ms as aeedM;^ emphasizing goals and 
outcoips; and encouraging tamily mvolvement 

Re^kich that may enhance the quality and effect 
of interventionsjostering patient selt-manageiTient 
would examine the foUowtag questions:'^ 

■ Are some 4cto5R,pl^in formats more effective 
than othersfWfe characterizes the most 
effective forma#^^ 

M What alternative action plan formats are effec- 
tive, given specific patient needs, including 
disease severity, literacy levels, languages spoken, 
ages, and unique management problems (e.g., 
comorbidities)? 

■ How much time and emphasis should be given 
to the development of action plans during the 
course of clinical counseling? hi comprehensive 
education programs? In medical review? 
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What are potential means of providing self- 
management interventions that include action 

planning to patients who are members of under- 
served populations (e.g., reaching them through 
worksites, community centers, or churches)? 



How effective are written action plans in treating 
children with asthma? 

How effective are written action plans in 
different caretaker situations (e.g., daycare, 
camps, or school)? 



■ 



^1 
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Key Evidence Tables 



Table 24 > Study Characteristics 



Ctation .Jl^^^ : Study sotting 




Optimal medical management VS. ^- ;':/;r^' - ynent -f peak How meter (PFIVI)-based action plan 


Jones, Mullee, Middleton et ai: 1995 


1 Rnndomized; parallel, controlled 


Country: United Kingdom 

Funding: Phami. ind. grant 

Tx Setting: Primary/specialt}^ 
combination, university 

Multicenter 




Dmmmond, AMalla, Beattie et al. 1994 
(GRASSIC) 


i iRaridMized; panilld, eontrolled 

^ ^g^^^^i 


Country: United Kingdom 

Funding: Academic grant 

Tx Setting: Specialty care, nonuniversity 

Multicenter 




Ayres, Campbell, Follows 1995 % 


Randoimzed; paiaDcl controlled 


Country: United Kingdom 
Funding: Phairn. ind. grant 
Tx Setting: Unknown 
Multicenter 




Cowie, Revitt, Underwood et al. 1997 


Randomized; parallel, controlled - > 

■iiiiw^^ ■iiiiiiiiiiiiiii^ 


..€o^%i;. Canada 

5;;^Fuii3iiig: Hospital 

; ^^I'Sx' Setting:- 'JF||piaiy/specialty 
comt^S||3ri^ university 

|4ilticSfcr 




Cote, Cartier, Robichaud et al. 1997 


Randomized; pand^l^|ii^lled 




Fuii;^!^: Pharm. ind. ^rant 

Tx Setting: Specialty carj^^'ttmiiversity 

Multicen^;^;:, ; || ji.,, ^;:S!PS 




Optimal medical management + (PFrvi) use (without action plan) vs. optima} mcdiCt, r .(^'■^ciTienl + Ph,- ^ \ ^ . 'nm plan 


Ignacio-Garda and Gonzalez-Santos 1995 


Randomized; parallel, controlled 


C^||tiy: Spain ' 
": >|§^^g: Not specified 
^ ,^^fing: Specialty care, nonuniversity 




Charlton. Antoniou, Atkinson et al. 1994 


Randomized; parallel, controUed 


Country: Australia 

Funding: Phann. ind. and government 
and university funding 

Tx Setting: Specialty care, nonuniversity 
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Comments 







Patient eligibility based on symptoms only 

Included patients u^^ing inhaled corticosteroids < 1.000 meg per 
day for atl^l^i mpth - '\ 

l;J|xclusions: Patients on ojral ^temids or using peak flow meters 
l^aihome 


Power based on several outcomes (FEV needed 23 patients, sixfold 
reduction in night wakening needed 21 per group, eightfold reduc- 
tion in days off work or school needed 37 per group). 

2-week course of oral steroids given before randomization to 
optimize lung function. 




^ ^ ^^>Ylr 

Patient eligibility based on iaog ftinetion and Mimtion 

Inclusion: FEVi reversibility- 2Q% or greater 

Exclusioiiflfetients who akeady owned a FFJ^;.^^^^ 


Power based on the 569 randomized, but n varies for each outcome 
and in some cases is not specified as to exact n, just that n was 
> = 250; may not be powered for all outcomes. 

Patients included had less severe asthma on entry than those who 
alread^owned a PFM and were excluded, especially vrith regard to 
social physical functioning. 




Patient eligibility based on lung function, SYmptormMitilization 

Inclusions: PEF variability^ maximum 0.15%; nights/week with 
symptoms minimum 3; use of inhaled corticosCrfffls or sodium 
cromoglycate for a miniinxim of 3 months -f^i. ^ 


Dmior also graded the overall and individual severity of symptoms 
I as 0 - none and 3 = severe. 




Patient eligibility based on symptoms aM^^ization 

Inclusions^ Treatment for an exacerbatii^ii of asthma in an ER or 
attending a university asthma clinic; histoiy ot receiving urgek^r 
treatment for asthma in the previous 12 mkitlis i 


- Subjects wefMlcmited^by contacting those who had been treated 
tor an cxacerb^fon of asthma in an emergency room or those 
attenmng; a tuiiversit^i' asthma clinic who had a history of having 
reccivepilDgent tre|tment for their asthma in the previous 12 




Patient eligibility based on lung function and symptoms 

FEVi postbronchodilator 85-100% of predicted 

PEF minimum 85% of predicted; PEF variability minimum 0%; 
Methacholine j 

Exclusion: Patients having previously taken part in an asthma I 
educational program j 


In di||j^on "although th^^M'group received more than the 
usuaPcMt treatment, none receiypd book, none had written action 
plan; now bad Wuctured edoc&on or PFM at home after run-in." 

Run-in = 2-6 wks.; diap^^of asthma included need to take daily 
anti-inflammatoiy agents: excluded. 


- - — • 




Patient eligibility based on utilization only 

Inclusion: Patients from outpatient asthma clinic with asthma for 

2 years 


One doctor aware of the group assignment was responsible for 
assessment of all patients' condition, but the paper also says "in con- 
trol group, thQ; doctor assessing the patient was blinded with regaid 
to registers ;C>i\p(iak flow monitoring until end of study", random 
aflocation^^rder of recruitment. 




Patient eligibility based on utilization only 

Inclusion: Patients who required admission for asthma or attended 
the outpatient department 


Randomization was based on age. sex, whether they used asthma 
prophylaxis before study. 



Source: 

Blue Cross and Blue Shield Association Technology Evaluation Center. Management of Chronic Asthma: Evidence Report/Technology Assessment Number 
44. AHRQ Publication No. 01-EO44. Rockville. MD: Agency for Healthcare Research and Quality. September 2001, 
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Table 2 2. Lung Function Outcomes: FEV 















Usual care vs. peak flow mn.^ 










Jones, Mullee, Middletan 
et al. 1995 ^ < 

« 


Umal care 


64 


39 


26 




Ff Mri^<i$ed aelion 
1 pun 


63 


33 ' 


26 




Dnimmonek #^b> Seattle 
etal. 1994 "v*^ 


{Jot! care 


284 


260 


52 




PFM-basecl |CiJ{>n 
plan 




250 


52 




Ayres, Campbell, Follows 1995^ 


Usual care ^ ^^J^ ;t 

,T::!i' 


Utc 


24 






l^gM-based action - : 


'4 61 


31 


24 




Cowie, Revitt. Underwood 
et al. 1997 


Usual care^:^ ■■ 














PFM-based action 
plan 


46 

p. ~^~-"^;> 


.i^iiaiiiiiiiiP"' 4% 






Cote, Cartier, Robichaud 
et al. 1997 


Usual care 










PFM-based action 
plan 


^#'< 50 






Usual care * PFM use alone vs. usual care + PFM-based action pic" 




Ignacio-Garcia and Gonzalez- 
Santo 1995 


Usual care + PFM use 


44 


.i.-35 


- M 






Usual care + PFM- 
based action plan 


50 


35 . 


28 




Charlton, Antoniou, Atkinson 
et al 1994 


Usual care + PFM use 


43 










Usual care + PFM- 
based action plan 


48 


' 
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85.4 +/- 17,5 % of predicted B1.2 +/- 18.3 % of predicted 
87.1 +/- mt % of predif tfd . 83.2 +A 18 % oFpr^^^^^^^ 



of predicted 

wi, : 

77.3%d|^redicted" 




. fl4-f/,^ 27.7% of predicted 



2.3+/-0.1L(typt^p!^pse) 



78 +A 21.3% of predicted 
82 +A 20.5% of predicted 



74,6 +/- 27.8 % ofgedicted 



2.2 -h/^|X{t3^epredose) 



NS 



NS 



2M f,^^JL (type predose) 



Absolute value, 
Txvs. Ctl 



Change, Tx vs. Ctl 



Absolute value, 
Txvs. Ctl 



^0 M 





65.34 +/- 16.6 % of predicted 
(lype predose) 


65.48 +/- 24.7% of predicted 








69.03 +/- 24.0 % of predicted 
(type predose) 


80.45+/- 23.3% of predicted 


^: <0.0040 


Absolute value, 
Txvs. Ctl 




















* 



95% CI for baseline 
FEV is 74.8-81.4. 



95% CI for baseline 
FEV is 74.1-80.5. 



Unclear number of 
patients analyzed on 
each end point. 



Unclear number of 
patients analyzed on 
each end point. 



Number of subjects 
with <60% predicted 
was 10. 



Number of subjects 
with <60% predicted 
was 9. 




Source: 



Blue Cross and Blue Shield Association Technology Evaluation Center. Management of Chronic Asthma: Evidence Reportnechnology Assessment Number 
44, AHRQ Publication No. 01~EO44. Rockville, MD: Agency for Healthcare Research and Quality. September 2001 . 
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Table 2-3. Symptom Score Outcomes 




Usua! care -f Pm use alone vs. usual care i- PFIVl-based action plan 



Ignacio- Garcia and 
Gonzalez-Santos 1995 


Usual care + 
PFM use 


44 


35 


28 ' 








Usual care + 
PFM-based 
action plan 


50 


35 


28 , 


m 






Charlton, Antoniou, 
Atkinson et al. 1994 


Usual care + 
PFM use 


43 


37 


52 




0.22 (median; 
scale, 0-3) 




Usual care + 
PFM-based 
action plan 


48 


42 


52 




0.26 (median; 
scale, 0-3) 
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iiiiiiiiiiiiiiiiiliiilliiliSiil^^ 



0 (median; 
stale. 0-3) 




Symptom score across study was divided by number of days w/diary data X 28 to give a 
monthly rate; sx score day = cough; sx score night wakening at night; median wheeze = 
5.46; shortness of breath = 7.88; asthma restricting normal daily activities = 0.0 



Symptom score across study was divided by number of days w/diary data X 28 to give a 
monthly rate; sx score day = cough; sx score night = wakenings at night; median wheeze 
L39; shortness of breath = 6.50; asthma restricting normal daily activities = 0.17. 



j Night and day sx score outcome is only fhim a subgroup of patients reporting variation in 
Qjppme;4 |2/246 never reported sleep disturbances; 15/246 reported that their sleep was 

; ~tfM||j§;e%ry night. 

Night and day outcome is only from a subgroup of patients reporting variation in out- 
come, ,c<introIled for peak ilpw, FEVj. duiation of asthma; 114/239 never reported sleep 
disturbaHi:i^f ft/23.9|;Q)^^^^^ their sleep was disturbed every night. 



I^Sx score day ^ #eM! seventy of asthma. 

J Changes, in: slee|>4tstmbance scores 1.89 -> 0.69; cough at rest 1.08 ~> 0.69; wheeze at 
rest wa|4,35 -T4#:6'7;^J!ftricd|y breathing 1.47 0.96; cough with activity - 1.75 -> 

L30.:g;^^''~ .."-if 

Sx scdifc day = Qvexali se^'iorit^ of asthrft£ ' 

Changes in: sfeap^l^tjaitance scores 1.79 ^ 0.67; cough at rest 1.00 0.87; wheeze at 
rest waS;OM |^^74; difficiilty breatMng 1.41 -> 0.85; cough with activity = 1.48 -> 
1.28. A%'cbiifl^)ns in sx scores between groups NS. 



Mp significant diiferences in other indexes of ^s|}ima control, including waking with 
I jisthma, betag-agonlst iii;c, or self-ratiiig ot astiina severity differed among the groups at 
3 months or at 6 lili^ after mUy. 



Nonsignificant differences in other indexes of asthma control, including waking with 
asthmi, bctag-agonist use, or sclf^Ming of astlma seventy among the groups at 3 months 
or at 6 months after entry. . ^j.. > 

m ^^" 












Nighttime symptoms = toidljighttime awakeiii^fcir total study. (Values not reported 
by AHRQ) : 










Nighttime symptoms = total nighttime awakenings over total study. 






0.25 (median; 
scale, 0-3) 




Sx score day = wheeze day; Sx score night = wheeze night; daily score for activity 
restriction was 0.13. 






0.15 (median; 
scale, 0-3) 




Sx score day = wheeze day; Sx score night = wheeze night; daify score for activity restriction 
was 0.06, p <0.05 compared to control. 



Source: 



Blue Cross and Blue Shield Association Technology Evaluation Center. Management of Chronic Asthma: Evidence Report/Technology Assessment Number 
44. AHRQ Publication No, 01-EO44, Rockville, MD: Agency for Healthcare Research and Quality. September 2001. 
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